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AUTHOR'S PREFACE. 



By compiling the present text I have sought to supply a want to 
which W. OsTWALD, amongst others, refers in the preface to the 

'* Scientific Foundations of Analytical Chemistry/* In the practical 
teaching of elementary chemistry due regard has not been paid here* 
tofore to the dissemination of new experiences and general views 
which are important for the comprehension of chemical phenomena. 
Since the appearance of the ** Principles of Inorganic Chemistry/* 
the need for a text -book which introduces modern conceptions into 
the kaching of qualiiaiive analysis has become more apparent. This 
has led me to carry out a long cherished intention. 

I have kept in %'iew the problem of presenting the relations be- 
tween the laws go%*erning chemical reactions in an easily compre- 
hensible manner and, as far as possible, with all exactness. By 
consistently applying these relations as they have been developed I 
have aimed to thoroughly establish their significance and also the 
advantages to be gained from knowing them. 

Special attention has been paid to the theory of ekcifolyiic dissa- 
ciaiioft and the law of mass at Hon , the fundamental law governing 
chemical equiiiliria. Whenever opportunity has offered, the great 
importance of this law, even for qualitative experiments, has always 
been emphasized, 

I have also aimed to define the most common conceptions that are 
used in general chemistry, by means of suitable illustrations, in such 
a way that even the beginner can soon learn to apply them correctly. 
As occasion demanded I have also pointed out diflferences in the use 
of certain conceptions, for instance, basicity (§ iig) and valence 

(f 167). 

No attempts have been made to set up constitutional formulae and 
to explain the nature and mechanism of chemical processes. All 
such questions ha%*e been left out of consideration, for to understand 
them wilhoui ike necessary preliminary knowledge of facts makes 
greater demands upon the imagination than does the understanding 
of simple relations between the different phenomena, to which the 
more detailed study of the facts directly leads. The phenomena met 
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with in qualitative exercises will serve not only to distinguish the 

meanings oi facts but also as a fundament of acquired facts. 

In order to fill up gaps in the presentation of the subject-matter, 
which in part is not yet worked out in this sense, I have made 
numerous references to the corresponding text in the two above- 
mentioned works of OsTWALD, which are stored with a vast wealth 
of il fust rations. In the matter of other references to Hterature I 
have cited original papers when their contents are specially important 
or not widely known. In case I should ha%'e unwittingly made any 
mistakes in this connection I beg beforehand that they be excused 
and that I be informed of them. 

^ The table of contents presents a subdivision of the subject-matter 
which has been chosen in accordance with successful laboratory 
practice. The laboratorj^ experiments are begun with the analysis 
of solutions which contain only mi€ metallic component. When the 
nature of the component (ion) has been determined, the solution 
of a salt conlainin;]; this constituent is prepared and the reactions 
described in a special paragraph are carried out with this solution. 
By this means the student has acquired a sufficient comniand of the 
methods of investigating the various group precipitates and of the 
distinguishing characteristics of the indi\idual components when the 
complete analysis of a given unknown for the metallic and non- 
metallic constituents is undertaken. The use of the book is, more- 
over, by no means limited to this procedure and the subdivision into 
paragraphs readily permits the introduction of changes in the 
method. 

The tables present a general view of the analytical procedure and 
the references to corresponding paragraphs in the text make a more 
detailed description of the various operations unnecessary. 

Certain paragraphs of theoretical or general nature have been 
printed in small type, rather out of regard for the immediate aims 
of the book than with the idea of representing them as less important. 
For the choice and arrangement of these I am partly indebted to the 
interchange of ideas with students during practical instruction. As 
far as possible I have connected the theoretical and descriptive para- 
graphs by numerous references. 

In the paragraphs which deal with the properties of the ions of 
different elements, no description of the physical properties of the 
elements themselves and no enumeration of their natural compounds 
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has been made. By this it is not aimed to represent the knowledge 
of these relations as generally unnecessary, but to avoid impairing 
the views which have been placed in the foreground. 

The rarer elements are not included in the first course of analysis 
described. I hope, however, to have facilitated the detection of com- 
pounds of the rare elements by classifying them according to the 
group reagents, which also precipitate the ions of these elements. 
The methods of separating and detecting compounds of the more 
closely related rare elements may be obtained through the references 
to recent literature in those cases where the description of the meth- 
ods would lead us beyond our prescribed bounds. 

A number of experimental innovations have been introduced which 
have been proven valuable through manifold applications. 

In this first exposition of the subject I have had to struggle with 
the overcoming of difficulties arising from the fact that qualitative 
analysis has been only partly exploited in the sense undertaken. 
Hence I beg that any lack of clearness or in simplicity of presenta- 
tion be excused on these grounds. 

To facilitate practical work for the student and furthermore to 
increase his interest and hold it beyond the ordinary limits of quali- 
tative exercises has been my chief aim. The text is presented with 
the request that my attention be called to all errors and to possible 
improvements. 

The figures have been partly taken from the "Principles of Inor- 
ganic Chemistry" with the permission of Prof. Ostwald, and in part 
they have been prepared from drawings by Dr. Brauer. 

I would express my thanks to Prof. Ostwald for his kindness in 
placing the figures at my disposal and for the interest he has shown 
throughout the preparation of the book. 

Dr. Brauer and Messrs. Walter Neub£ann of Kattowitz and 
Alexander Titoff of Moscow have rendered invaluable assistance 
in reading the proof-sheets. For this service and for numerous 
suggestions which I have been able to use, I would here express 
my indebtedness to them. 

WiLH. Bottger. 



TRANSLATOR'S PREFACE. 

Dr. B5ttger has specially revised the German manuscript for the 
English translation and has made numerous emendations and addi- 
tions, particularly in Parts I and II. With his sanction I have fur- 
ther(jemended some sections and have added tests and references 
here and there, so far as was compatible with the aims of the book. 
Two new sections, on bromates and iodates, have been incorporated 
in the translation. At the author's request the additions are enclosed 
in square brackets. 

The longer ionic nomenclature has been adopted because it shows 
more clearly the relations between ions and the substances from 
which they are derived. 

One special feature of the book, to which attention should be 
called, is the definite system used for separating anions into, groups, 
from which the individual members can be identified with a minimum 
of labor. 

I would express to Dr. Bottger my hearty thanks for his sugges- 
tions and for the interest he has taken in the revision of the manu- 
script. My thanks are also due to Dr. S. C. Lind for aid in revising 
the earlier sections, and in particular to Dr. H. H. Willard for per- 
mission to use some of his tests and also for suggestions and assist- 
ance in reading the proofs. 

William Gabb Smeaton. 
Ann Arbok. 
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INTRODUCTION. 

I. Object of chemical analysis. Chemical analysis consists in 
the systematic treatment of a given substance or mixture with 
selected substances, in order to determine its simpler componefits by 
the phenomena accompanying this treatment. When the analysis 
is limited to the designation of the components it is termed qualita- 
iivBy and has to do solely with the determination of their nature. 
On the other hand, quantitative analysis, as the name implies, deals 
with the amounts of the individual constituents. 

Not chemical elements alone are ranked as simple constituents, but 
under this head are also included radicals, i. e. groups of elements of 
definite structural composition and characteristic properties. The 
different elements and radicals are further classified into metallic 
and non-metallic. In their general character, some radicals resemble 
metallic components; for example, the radical ammonium, (NHJ, 
is like the metallic component of potassium salts: others, for instance, 
the sulphate, (SOJ, nitrate, (NO,), and cyanide, (CN), radicals 
resemble the non-metallic components, (CI, Br, I), of the halide 
salts. 

It is perhaps surprising that the simplest substances known to the 
chemist, the chemical elements, do not always serve to give the com- 
position of a mixture, and that radicals may express it more defi- 
nitely. This will be understood, however, by the consideration of 
a particular example. Imagine that the elements Naand CI, and 
the radicals NH^ and SO^ had been found in a given mixture. It 
would not be more reasonable to indicate the composition by the 
elements Na, CI, N, H, S and O. For under the conditions of 
analysis the radicals are not decomposed into their respective ele- 
ments, but they have characteristic properties by which they are 
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recognized during the analytical operations. Furthermore, in all 
those cases where several radicals, made up of the same elements, 
as (SOJ, (SO3), are known, merely to name the elements present 
would give less information concerning the composition than is given 
by the radicals. Evidently, then, a more definite expression of the 
composition of a substance or mixture can be made by means of 
radicals than with elements alone. 

2. Limitations. Since a very large number of elements and rad- 
icals are known, qualitative analysis is customarily limited to those 
elements which are widespread in nature, or which have important 
compounds, for the sake of simplifying the study of analytical meth- 
ods. Hence we shall have to do largely with the analysis of natural 
or artificial combinations of the better known elements. The most 
important properties of the components of mixtures which contain 
rare elements, or radicals composed of rare elements, are given in 
§§ 195-228. Mention is also made of a few organic radicals (de- 
rivatives of hydro-carbons), which have special importance, and in 
§ 194 are given the methods of determining the elements present in 
organic compounds. 

Since the investigation of gases demands practical experience 
which is usually acquired after a course of analysis of solids and 
liquids, gas mixtures are not taken up. We shall begin therefore 
with the analysis of homogeneaus liquid mixtures, and from this will 
proceed to the more difficult problem of analyzing dry mixtures 
which have to be brought into solution before the analysis can be 
carried out. 

Our study of homogeneous liquid mixtures, or solutions* (Prin- 
ciples, p. 8),* has to do chiefly with aqueous solutions, because water 
dissolves most of the substances with which we are dealing more 
readily than any other solvent, as for example, ethyl alcohol. 

3. Reactions. The analysis of a solution is effected through an 
appeal to our senses by means of easily recognizable changes that 
are brought about through addition of substances to the solution, or 
in other ways, as by heating. These purposely effected changes are 
called reactions, and they are marked by a change of color, or by the 
separation of a solid from a solution (precipitation), or by the dis- 

**' Principles'* is used in abbreviation of Ostwald's Principles of Inorganic 
Chemistry, translated by Alexander Findlay, to which reference is frequently 
made. 
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solving of a solid. The occurrence of a definite reaction on addition 
of a definite substance, the reagenty to a solution of unknown compo- 
sition, is the criterion by which we judge whether or not the solution 
contains the component for which the reaction is characteristic. 
Hence substances can serve as reagents for a given component only 
when we know in advance their reaction with the component in ques- 
tion. Of the different reagents which show characteristic reactions 
with a certain component, that one is most important which gives the 
most easily recognized change in its reaction with the smallest pos- 
sible quantity of the component. Moreover the reagent used must 
not give the same or a similar reaction with any other component. 

4. General method of testing a solution for metals. On test- 
ing for the metals in a solution a reagent is added which is able to 
transform not merely one, but several components simultaneously in- 
to solid difficultly soluble compound^ In case a precipitate forms, it 
indicates that the solution contains one or more of the constituents 
which react in the same way with the added substance. After sepa- 
rating the precipitate from the solution, the former is tested for all 
possible compounds that may be present; while to the latter is added 
a second reagent, which again can form a precipitate that may con- 
tain several other components. Proceeding in this way a system of 
reactions can be built up, which show unequivocally whether or not 
any members of the different groups of constituents are contained in 
the given solution in the smallest quantities detectible by the reac- 
tions employed. 

Manifold schemes of analysis have been worked out, but, in ac- 
cordance with the character of this text-book, these various methods 
are not exhaustively treated. On the contrary, only one scheme 
which has been found practical in the laboratory is given in detail. 
When the student comprehends this one scheme, and has mastered 
the properties of individual metals, which are fully described in the 
text, he will be in a position to introduce any changes that may be 
desirable, or to comprehend and apply any other method leading to 
the same end. 

The scheme for separating the metals, as described in the text, is 
based upon the systematic application of the following reagents: 

(i) Hydrochloric acid, ' ' 
(2) Hydrogen sulphide, 
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(3) Ammonia, 11--^:' 

(4) Ammonium sulphide ; .. t 
and (5) Ammonium carbonate. }'^;^. 

By successively adding these reagents the metallic constituents of 
the salts of all the better known metals are removed from solution, 
except magnesium, potassium and sodium, and there remain in solu- 
tion only salts of these three metals, if the separations have been 
carried out correctly. 

By these reagents five groups of metals are classified, to which is 
appended a sixth group containing ammonium in addition to mag- 
nesium, potassium and sodium. 



PART I. 
TESTING A SOLUTION FOR METALS. 

GROUP I. 

5. Precipitation with hydrochloric acid. Dilute hydrochloric 
acid is added to a small portion (2-3 cc.) of the solution in a test- 
tube. In case a white precipitate forms, about 10 cc. of the solution 
are poured into the test-tube and hydrochloric acid is added drop by 
drop until precipitation ceases. This is readily seen if the super- 
natant liquid remains clear, or if no cloud forms in the clear liquid 
that has run through a filter, when a few more drops of hydrochloric 
acid are added. By this means it is demonstrated that the metals 
precipitated by hydrochloric acid are removed as far as possible from 
the solution. Too great an excess of the precipitant should be 
avoided, otherwise the subsequent testing of the solution would be 
disturbed (see § 19). 

The analyst dare not form the habit of pouring at haphazard any 
quantity of the precipitant or reagent into a solution, but he must 
follow the fixed rule of adding the precipitant in small portions as 
long as a visible reaction occurs. 

The solution that is being tested for the first group metals should 
be kept at room temperature^ since lead salts are either not at all or 
only very incompletely precipitated by hydrochloric acid at higher 
temperatures. In itself this would not occasion an analytical error, 
as in this case lead salts would be precipitated with the second 
group, but it occasionally gives rise to the impression that the 
result obtained by the addition of hydrochloric acid is uncertain, 
depending upon unknown circumstances, and is thus accidental. 

Separation of precipitate from the liquid is effected by filtration. 
The filter is placed in a glass funnel so that one fold lies against the 
glass on one half, on the other, three folds. It is moistened with 
water and smoothed tight against the glass. The upper edge of the 
filter should be i cm. below the edge of the funnel. The process of 
filtration separates the precipitate only partially from the liquid, be- 
cause a considerable quantity of the latter remains behind, wetting 
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precipitate and filter, and this might give rise to errors during ihe 
later Lnvesligalion of the precipitate if it is not removed. This can 
easily be done by washing the precipitate, namely by pouring distilled 
water over it on the filter several times and letting it run off com- 
pletely each time before renewing. The wash water that runs 
through the filter is added to the solution filtered off from the pre- 
cipitate, the filtrak from the fir si group f and this is laid aside for 
further investigation. 

The above described operation of washing applies to nearly all 
precipitates that have to be further analyzed. It is advisable to use 
as lilile water as possible in w^ashing the first group precipitate (see 
§ 7). The student can easily construct for himself a wash boiik, m 
generally serviceable in the laboratory, from a 
flask, glass tube and cork (Fig. i). The 
amount of water issuing from the flask is regu- 
lated to any desired degree through the quan* 
tity of air blown in, and by means of the mov- 
able nozzle the stream of w^ash water may be 
directed upon any particular object. The 
washing is done w^ith disiUkd wakr, A tittle 
practice will enable the student to loosen the 
precipitate from the side of the filter and cause 
it to collect at the apex, which is of importance, 
since less water is used to w^et it under these 
conditions than would be required in case the 
filter had to be completely filled up with water* 
The first group precipitate may contain chlo- 
rides of lead, silver and univalent mercury^ 
the composition of which is expressed by the formulae, PbClj, AgCl, 
HgCl«^^ In § i8 are considered certain other compounds which might 
be precipitated by hydrochloric acid, and therefore could be mistaken 
for the above chlorides (continued in J 7). 

6. Solubility. As has already been pointed out in § 5, the prop- 
erty of a metallic component to be precipitated or not precipitated by 
hydrochloric acid is not arbitrary or accidental, but depends directly 
upon the soluhiUty of the metallic chlorides in question, a numerically 
defined property of all chlorides. By solubility is meant the number 
of ^ams or gram formula-weights of a substance that are contained 
in unit volume, i liter, of the solution saturated with the substance 
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at a given temperature. In expressing solubility it is essential to 
assign a definite temperature (Principles, pp. 213-216); in other 
words, it is a function of temperature. 

Chlorides of different metals have quite different solubilities. In 
particular, the three above-mentioned chlorides are very slightly sol- 
uble. On shaking up any one of them with water, only a very small 
quantity goes into solution. Moreover, when hydrochloric acid re- 
acts with a solution of silver nitrate and forms silver chloride accord- 
ing to the equation : 

^gNO,+ HCl = AgCl + HNO3, 

then separation of the solid, AgCl, takes place if the amount of silver 
chloride so formed is in excess of the quantity that corresponds with 
its solubility in the presence of hydrochloric and nitric acids at the 
temperature of the experiment. This separation continues until the 
same condition is reached that would result if solid silver chloride 
were brought in contact with the solution containing the same other 
constituents. The condition is known as equilibrium. This term 
expresses the fact that no further changes are apparent between 
solution and precipitate.. 

Solutions which are in equilibrium with the solid substance are 
said to be saturated. When more of the substance is present in the 
solution than corresponds to equilibrium the solution is supersatu- 
rated, while it is unsaturated when less is present. In contact with 
the solid substance supersaturated and unsaturated solutions are not 
in a stable condition, but go over into saturated solutions by separat- 
ing or dissolving solid salt respectively. 

Chlorides of the other metallic components are more soluble in 
water. Hence no precipitation occurs on adding hydrochloric acid 
to a solution, for example, of nitrates, which contains no salts of 
lead, silver or univalent mercury. It does not follow, however, that 
no reaction takes place in the sense of the equation: 

MNO3+ HCl = MCH- HNO„ 

where MNO, is the formula for the nitrate of any univalent metal. 
On the contrary, it must be assumed, in view of the phenomena 
observed with the more difficultly soluble chlorides, that chlorides 
are also formed in these cases. Ordinarily the quantities of the 
metallic components in the solution, and the amount of acid added, 
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are too small to produce supersaturation with respect to these chlo- 
rides. In § 90, however, are considered the conditions for precipi- 
tating other chlorides with hydrochloric acid. The non-appearance 
of a precipitate upon addition of hydrochloric acid, therefore, does 
not mean that the metallic components have not reacted with hydro- 
chloric acid, but merely shows the absence of metals, the chlorides 
of which are difficultly soluble, and that the chlorides of Ihe other 
metals which may be present are more readily soluble (compare § 
143, footnote 2). 

7. Analysis of the hydrochloric acid precipitate (consult also 
the appendix, analytical table, grouj) i). In separating and identify- 
ing the three chlorides (§5), the first step is to wash the precipitate 
with hoi water, collecting the water that runs through the filter. In this 
process lead chloride goes into solution, while silver and mercuraus 
chlorides practically all remain behind on the filter, being almost 
entirely insoluble in hot water. The separation of long fine needles 
on cooling the filtrate indicates lead chloride in the first group pre- 
cipitate. These are filtered, or are redissolved by warming again, 
and a confirmatory test is made by adding dilute sulphuric acid or a 
solution of a sulphate drop by drop. Lead chloride in the solution 
gives a white fine-grainrd jjrecipitate of lead sidphate, according to 
the equation: 

"^ PbCl,+ H,SO,= PbSO, + 2HCl. 

(What inference concerning the relative solubilities of lead sul- 
phate and lead chloride can be drawn from this fact?) The for- 
mula of lead sulphate has been underlined in the equation to point 
out that a precipitate is formed in this reaction. Henceforth the 
dissolving or forming of a ])recipitate (solid phase) will always be 
indicated in this way. 

It is noteworthy that the solution of any soluble sulphate, for 
example, sodium- or ammonium sulphate, may be used in place of 
sulphuric acid in the above experiment. This fact, the truth of 
which the student is recommended to test for himself experimentally, 
is very important, and we shall see in § 8 that valuable deductions 
can be drawn from it. 

If the first group precipitate contains only lead chloride, it dis- 
solves completely in hot water. Hence a residue left after washing 
with hot water several times is to be tested for silver and mercurous 
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chlorides. This is done by washing the residue with dilute ammo- 
nia, whereby silver chloride goes into solution and mercurous chloride 
becomes black. To concentrate the silver chloride in the ammonia 
solution as much as possible, the filtrate is repeatedly poured over the 
precipitate on the filter. It is sometimes found that the ammonia 
filtrate has a clouded appearance. Since the test for silver chloride 
demands a perfectly clear ammonia solution, it may be necessary to 
filter it through a second filter until clear. 

When the residue after removing lead chloride is completely solu- 
ble in ammonia, it consists of silver chloride alone. A residue in- 
soluble in ammonia indicates that lead chloride had not been com- 
pletely removed with hot water, or that mercurous chloride is pres- 
ent, or that compounds which are referred to in § 18 are present. 
Since mercurous chloride turns black with ammonia, there is no un- 
certainty with regard to it. 

The solubility of silver chloride in ammonia depends upon the 
formation of easily soluble silver ammonia chloride, Ag(NH3)2Cl. 
From this solution silver chloride is reprecipitated on removing am- 
monia. Since ammonia is very volatile, L e. is easily vaporized 
when heated, it can be driven off by warming the solution. Addi- 
tion of an acid, as hydrochloric, nitric or acetic CLcid, affords a still 
more convenient means of removing ammonia, which is thereby 
chemically changed. Hence precipitation of silver chloride from 
the ammonia solution shows that silver is one of the metallic com- 
ponents of the orginal solution. The reaction is accompanied by a 
considerable evolution of heat, and is represented by the equation : 

Ag(NH3),CI+2HA = AgCl + 2NH,A,- f 

where HA is used for any monobasic acid to indicate that the nature 
of the component A (CI, NO,, Br, etc.) is a matter of indifference. 

8. The behavior of acids, bases and salts. The agreement be- 
tween the reactions of different acids with silver ammonia chloride 
is by no means the only property with respect to which acids show 
at least qualitative agreement. Their aqueous solutions have a 
characteristic acid taste, whence the name is derived. They redden 
blue litmus paper in common, dissolve magnesium, zinc and other 
metals with an evolution of gas, etc. 

On the other hand certain substances, which in solution have an 
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alkaline taste, turn red litmus bloe and form salts with acids^ are 
classified under the head of bases. 

This agreement in properties is, however, limited to the aqueous 
solutions of acids or bases, as is shown by experiments, for example, 
with perfectly dry hydrochloric acid, anhydrous sulphuric acid, etc. 
This fact^ taken in conjunction with numerous others, for instance, 
the agreement in the behavior of dilute sulphuric acid and sulphates 
towards a solution of lead chloride, has given rise to an hypothesis 
which explains many of the different relationships involved* 

According to this conception the agreement in properties is not 
due to the acids or bases themselves, but to products resulting from 
changes which the above-mentioned (solid » liquid or gaseous) sub- 
stances undergo when they are dissolved in water, whereby each 
class of substances with similar properties gives rise to a tomfnon 
prodwL The following example will illustrate this point. Solu* 
tions of different lead salts, as lead acetate or -nitrate, show no quaii* 
iaiively recognizable differences in their reactions with hydrochloric 
or sulphuric acid. The changes which these salts undergo on dis- 
solving, whereby their agreement is explained, may be formulated 
as follows: 



or 



Pb(N03), = Pb+2NO, 
Pb(C,H,0,) ,= Pb + 2C jHjO, 



(2). 



The common product in (i) and (2) is Pb. Similarly the changes 
to which hydrochloric and nitric acids are subjected on being dis- 
solved in water are represented by: 

HC1 = H + C1; HNO, = H + N04 (SJi- 

where H is the common product, while in the cases of potassium- or 
sodium hydroxide: 



KOH = K+OH; NaOH-Na-hOH 



(4), 



OH is the common product. 

At first sight it would seem that this method of expressing these 
relations is opposed to our everyday experience, for a solution of 
lead nitrate or -acetate does not contain metallic lead, which is practi- 
cally insoluble; and an acid, for instance, concentrated sulphuric 
acidy does not evolve hydrogen, which would have to escape as gas 
when the acid is diluted with water. The inconsistency is, however^ 
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only apparent and can be readily gainsaid. The product common 
to all lead salts is assumed to be not metallic lead, but it is mutually 
transformable with lead. The difference lies in their different en- 
ergy content, just as ice and water possess different amounts of 
energy, yet can be mutally interchanged, the transformations being 
accompanied by a change of energy. Similarly the product common 
to acids is not identical with gaseous hydrogen, but it may be formed 
from hydrogen and is transformable into hydrogen. Analogous 
transformations are met with everywhere in chemistry and come 
under the head of isomerism (Principles, p. 190). 

A special nomenclature is made use of to indicate the distinctions 
and also the mutual transformability of these classes of isomers* 
That part of an acid in solution which is isomer k with hydrogen is 
called hydrogen ion, while the product isomeric with lead^ that is 
common to lead satis, is termed lead ion. Ions isomeric with metals 
or metallic radicals are represented by the corresponding symbols, to 
the upper right hand of which are appended one or more dots, ac- 
cording to the valence (Principles, p* 371)1 while for ions isomeric 
with non*metaUic elements or radicals dashes are similarly appended 
to the ordinary symbols, thus: Cl'» SO/'^ NO/, K.\ Ca'\ Bi"", etc. 

Accordingly the above equations would be expressed in the fol- 
lowing form: 

Pb{N03)3=Pb** +2NO,' (lb), 

Pb(C,H,0J,=Pb"+2C^,0/ (2b), 

HCl =H+CF ; HNO,=H' +N0/ (3b)/ 

KOH =K'-hOH'; NaOH = Na*+OH' (4b), 

On the basis of this conception the term acid can now be defined 
with greater exactness. Since the common properties of acids are 
ascribed to hydrogen ion, it is necessary that a substance which acts 
as an acid must form hydrogen ion on dissohing. Hence hydrogen 
camp&tinds^ the solutions of which do not contain hydrogen i&n, are 
noi acids. 

Similarly the basic properties of substances which are called bases 
are characteristic of the ion, OH', hydroxyl ion. Accordingly a base 
is a substance the solutions of which contain hydroxyl ion, 

* Hydrogen has a metallic chaTB^ctcr in tbe chemical sense* but not in a. physic^. 
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Close examination of the relations brought out in 36 above shows 
that the qualitative differences in the properties of different acids 
depend upon differences in the properties of the ions CI', NO,', etc., 
just as the agreement in their properties is to be ascribed to hydrogen 
ion. Similar considerations hold for solutions of lead salts and of 
bases, as is seen in equations ib, 2b and 46 respectively. 

9. The relations of chemical phenomena with physical. Theory 
of Arrhenius. Components. The hypothesis discussed in § 8 has 
not been reached from the side of chemical phenomena, but through 
entirely different considerations which we can mention only briefly 
in view of the aims of this text-book. Aqueous solutions of differ- 
ent substances do not behave alike when they are closed in an electric 
circuit, but they exhibit essential differences, which are utilized to 
classify them. On the one hand some solutions cofidtict the electric 
rwrrfw/, while others are non-conductors, or more correctly, they are 
incomparably worse conductors of electricity. The former have the 
above-mentioned characteristic that the properties of their solutions 
can be ascribed, at least partly, to two (or more) components, the 
ions. Non-conductors do not have this essential feature.* 

In accordance with their behavior towards the electric current two 
classes of substances are distinguished, non-electrolytes and electro- 
lytes or salts. The latter are conductors. In this category are in- 
cluded salts in the narrow sense of the term, i. e. substances formed 
by the action of acids on bases, and also acids and bases. These 

*It would not be justifiable to base the question of the existence of free ions in 
the solution of a salt upon an exclusive appeal to the observed chemical phe- 
nomena. The agreement in the behavior of, for instance, lead acetate, -chloride 
and -nitrate towards potassium- or sodium sulphate or sulphuric acid, is also com- 
prehensible on the assumption that the reaction, which is recognized in these 
cases by the formation of solid lead sulphate, proceeds with great velocity. In fact 
isolated reactions are known, where all the characteristics which have just 
been described are met with, and yet there is no other indication of a decomposi- 
tion into ions (Kahlenberg, Journal of Physical Chemistry, 6, 1-14, 1902). 

Our conception of the phenomena in question does not appear any less certain 
in view of these remarks, which expressly point out that the chemical phenomena 
suggest, but do not thoroughly establish, the hypothesis that salts in aqueous solu- 
tion are (partially) decomposed. To establish the hypothesis still other indepen- 
dent supports based on fact must be taken into account: for instance, the 
phenomena observed on closing a salt solution into the circuit of an electric 
battery. 

It is necessary to sound a note of warning against too far-reaching generaliza- 
tions of the hypothesis upon which the subject matter of this text-book is based. 
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latter are regarded as salts, the solutions of which contain hydrogen 
and hydroxyl ions respectively. 

The phenomena respecting the dissolving of salts with which we 
have been dealing come under the head of dissociaHofiy to indicate 
that several products are formed from a single substance. The 
above-mentioned hypothesis is included in the theory of electrolytic 
dissociation (Arrhenius, 1887; Principles, p. 196), which is based 
upon experiments concerning the behavior of substances towards the 
electric current. In the light of this theory ions are accompanied 
by electric charges, one class^with ^ositivcy the other with negative. 
The former are called catitns and move in the direction of the posi- 
tive current through the solution. The negatively charged ions, 
anions, move in the opposite direction with the current. Cations 
are isomeric with metals* and metallic radicals, anions with non- 
metals and non-metallic radicals. 

It must be borne in mind that the electrolytic dissociation theory 
makes the existence of ions independent of the passage of an electric 
current, but also states that their previous existence is related to or 
responsible for their behavior towards the electric current. The 
electric charges produced on dissolving a salt in water cannot be 
detected, as will be shown later. The assumption of their existence, 
however, is not contrary to the law of conservation of energy, for 
this electrical energy may, on the basis of other experiments, be con- 
sidered as derived from the energy difference between ions and the 
substances from which they are formed. 

Since equal numbers of positive and negative charges simultane- 
ously appear or vanish in the reactions under consideration, salt solu- 
tions will give no indication of positive or negative electric charges. 
Recourse is frequently had to this relation for the formulation of 
chemical reactions in which ions take part. It is of further use in 
formulating equations for the dissociation of different substances, 
when we know how many charges one or other of the ions has, as 
the following examples show: 

K2SO,=2K'-fSO/', 
FeCl,=Fe"+3Cl'. 

'For the sake of simplicity the hydration of ions is not taken into considera- 
tion. It sufl&ces to point out that certain phenomena support the assumption 
that ions, like many salts which contain water of crystallization, are combined with 
water. 
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Our choice of metallic and non-metallic components (see § l), to 
express the composition of a substance or mixture, is also based upon 
the above considerations, since analytical results are obtained from 
chemical reactions which are characteristic of ions. Hence it is 
practical and advisable to select the components in accordance with 
the composition of the ions, although these cannot be transformed 
into the solid state as such without change, but may form solid salts 
only in pairs. 

We shall use the dissociation theory as set forth in the above dis- 
cussion and shall apply it to all cases where it helps us understand 
facts and brings them into closer connection with one another. 

10. Reactions of the ions of group i : Ag', Pb", Hg*. The 

operations described in § 7 suffice to identify these ions. Certain of 
their other properties and the properties of the solid salts of the corre- 
sponding metals will now be dealt with according to their importance. 
To gain insight into the relative distinctness of reactions, solutions of 
known concentration should be employed. If necessary^ test solutions 
are made by weighing out a definite quantity of the given salt on an 
ordinary side-table balance and dissolving it in a definite volume of 
water, which is measured in a graduated cylinder for this purpose, 

11. Silver ion. A test solution of suitable strength for the fol- 
lowing reactions is prepared by dissolving i/io formula weight* of 
silver nitrate, (AgNOg) — see table of combining weights — in 1000 
cc. of water, or i/ioo formula weight in 100 cc. For each test 2-3 
cc. of this solution are used. 

Alkali hydroxide^ precipitates silver hydroxide, white, turning 
brown to black almost instantly.* The change of color is due to the 
formation of silver oxide, Ag20, from silver hydroxide: 

Ag+NO/-fK- + OH' = Ag(OH) + K-fNO/. 
2Ag(0H)=Ag,0 + H,0. 

*[In most American laboratories stock solutions of the more common salts are 
provided. As a rule these have a concentration suited for the special tests.] 

''The formula weight of a compound is the siun of the products of the combin- 
ing weights of the individual elements with their indices; for example, the 
formula weight of silver nitrate is i X io8 + 1 x 14 + 3 X i6 = 170 g. The com- 
bining weights are rounded off, since the concentrations need be known only 
approximately for qualitative tests. 

•The term *' alkali hydroxide** is used to indicate sodium- or potassium hydrox- 
ide. Similarly "alkali sulphate" would stand for sodium- or potassium sulphate. 

* The white precipitate is observed only when the caustic potash or soda used is 
very dilute. 
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Ammonia,^ added drop by drop, yields the same precipitate, but in 
this case the precipitate dissolves in an excess of the reagent. Sim- 
ilarly the precipitate obtained with potassium hydroxide is soluble in 
ammonia. ^c>y7i. ^ " hAJ^ok^ '■ ci^/ii\;0 /J 

The solubility of silver oxide in ammonia, like that of silver chloride, is 
due to the formation of a cation containing two combining weights of NH, 
to one of Ag, Ag(NH3)a' ^^^ compounds of which are more readily soluble. 
Ammoniacal solution of silver oxide contains the compounds Ag (NH,)aOH 
and Ag2(NH,),0. 

With potassium- or sodium carbonate solution, i. e. alkali carbo- 
nate, silver ion gives a yellowish-white precipitate of silver carbo- 
nate: 

2Ag+2NO/ + 2K+C03^= Ag3(C03) -f2K'-f2NO/. 

On warming, silver carbonate decomposes into carbon dioxide, 
CO2, which escapes as a gas, and silver oxide, Ag^O, which is 
black. 

Potassium chloride^ like hydrochloric acidy precipitates silver 
chloride, white, flocculent, which turns bluish-violet in the light.' 

Potassium bromide and -iodide form silver bromide and -iodide 
respectively, the latter having a characteristic yellow color. Silver 
bromide is considerably less soluble in ammonia than the chloride, 
and the iodide is practically insoluble in ammonia. 

This is readily shown by precipitating the three halide salts sepa- 
rately, washing and shaking up with equal volumes of ammonia 
(not enough to completely dissolve the silver halides). The residue 
is filtered oflF in each case and the clear filtrate acidified. It is ob- 
served that different quantities of precipitates form, in accordance 
with the varying solubility of the chloride, bromide and iodide re- 
spectively, in ammonia. 

The behavior of silver ion towards cyanide ion demands special 

* The formula of ammonia, (X H,), does not indicate that an ammonia solution 
may contain hydroxyl ion, which, however, must be the case according to § 8, since 
the solution shows the typical reactions of a base. The formula, NH,, ex- 
presses the composition of gaseous ammonia. On dissolving in water this goes 
over partly into NH^OH, — (NHj + HjO^-NH^OH)— which in turn can form the 
ions NH4* ahd OH', according to the equation: 

NH,OH-NH/+OH'. 

'The change of color produced by light is due to the formation of compounds 
containing less chlorine, probably AgjCl or Ag^Cl,. These are changed back to or- 
dinary chloride through the action of chlorine (Principles, p. 676). 
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consideration. On adding potassium cyanide solution drop by drop 
to a solution of silver nitrate, silver cyanide precipitates at first. The 
amount of precipitate increases until a certain definite quantity of 
potassium cyanide has been added, and then decreases and finally 
vanishes when two formula weights of potassium cyanide are present 
for each formula weight of silver nitrate. 

12. Solubility of silver cyanide in potassium cyanide. This property of 
silver cyanide depends upon the formation of a complex ion, (§ 13), between 
silver cyanide and cyanide ion. On introducing an excess* of potassium 
cyanide into a saturated solution of silver cyanide, for instance, the solution 
of silver nitrate in which silver cyanide has been precipitated, the dissolved 
silver cyanide reacts with the ions of potassium cyanide : 

AgCN + K+CN' = Ag(CN)/ + K- (i). 

If we take into account that only very little silver cyanide is dissolved and 
that this decomposes into the ions Ag -l-CN', the above reaction may also 
be formulated as follows : 

Ag+CN' + K+CN' = Ag(CN)/ + K- (2). 

Through this transformation the solution becomes unsaturated with respect 
to silver cyanide. Hence the precipitated cyanide must go into solution until 
the saturation point is again reached, according to J 6. When a sufficient 
amount of potassium cyanide has been added, the precipitate of silver cyanide 
entirely disappears. From the above equation it is evident that one formula 
weight of potassium cyanide will bring into solution one formula weight of 
silver cyanide. 

The cyanide is by no means the only silver salt that is soluble in potassium 
cyanide. Nearly all difficultly soluble silver salts will dissolve. Thus silver 
chloride goes into solution as follows : 

AgCl 4- 2K- -f 2CN'' = K- + Ag(CX)/ + K* +Cr (3). 

Silver sulphide, however, is excc])tional in its behavior and is precipitated 
by passing hydrogen sulphide, § 19, into potassium silver cyanide solution. 
Since hydrogen sulphide is an especially sensitive reagent for silver ion, it 
follows that the above reaction, (2), is not complete or that potassium silver 
cyanide decomposes to a slight, but quite definite, extent according to the 
equation : 

K-+Ag(CX)/ = AgCN + CN' + K- 

AgCN = Ag+CN' (4). 

13. Complex ions. Silver cyanide ion belongs to the class of complex 
ions. These are distinguished by characteristic properties, dilTering from 
those of the ions or salts from which they are formed; for instance, Ag(CN)/ 
from AgCN and CN'. Complex ions, however, always exhibit the properties 
of their simpler component ions to a slight extent (compare § 12). 

The increase in the solubility of one substance by the addition of a second 
substance is frequently due to the formation of complex ions; for instance. 



*A little more than enough to effect precipitation. 
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the solubility of silver cyanide in potassium cyanide. Similarly the solubility 
of the oxide, chloride and bromide of silver in ammonia also depends upon 
the formation of silver ammonia ion, Ag(NHa)3'. 

We have seen in 5 7 that silver ammonia ion decomposes and a precipitate 
of silver chloride forms, when the solution of silver chloride in ammonia is 
acidified. Similarly by adding hydrochloric acid to other silver ammonia salt 
solutions, precipitation of silver chloride also takes place. On the other hand 
ammonia that has stood in contact with silver iodide gives no precipitate 
when acidified, even with hydrochloric acid. From this we may conclude that 
silver iodide is but very little soluble in water. 

The equations : 

AgCl~Ag+Cl' (la), 

and Ag-4-2NH, = Ag(NH,); (ib), 

represent the formation of the complex silver ammonia ion in the case of 
silver chloride (compare 5 n for the solubility of the three silver halides in 
ammonia). The extent to which the complex ion forms, depends upon the 
amount of silver ion present in unit volume of the saturated solution of silver 
salt. If a very small quantity of silver ammonia ion is produced, as is indi- 
cated by the absence of a precipitate on acidifying or on vaporizing the am- 
monia, it follows that the saturated aqueous solution of the silver salt in ques- 
tion contains a negligible amount of silver ion, e. g. Agl. 

From the fact that silver iodide is not noticeably soluble in ammonia, it is 
evident that potassium iodide will precipitate silver iodide from an ammo- 
niacal solution of silver chloride. 

Ag(NH3); + r = AgI + 2NH, (2). 

This equation is the inverse of (ib) above. 

With silver cyanide ion potassium iodide does not yield a precipitate of 
silver iodide. Hence we are justified in concluding that silver cyanide ion is 
more complex than silver ammonia ion. This conclusion as to the relative 
complexity of these ions, however is only approximate, since it is based upon 
qualitative, i. e. approximate experiments. 

14. Lead ion. For the following tests a solution is used contain- 
ing 1/20 formula weight of lead nitrate, Pb(N03)2, or lead acetate, 
Pb(C,H30,),+ 3H30,^per liter. 

From this solution alkali hydroxide precipitates white lead hy- 
droxide: 

Pb:' + 2N03^+2K' + 20H^ = Pb(OH)3 +2K' + 2N03^ (i). 

By omitting the ions which stand on both sides of equation (i) it 
becomes: 

Pb" + 20H^ = Pb(0H), (2). 

* Account must be taken of the three formula weights of water in calculating the 
amount of lead acetate to be dissolved. In case the lead salt does not yield 
a clear solution with water, a few drops of nitric acid are added. 

2 
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This shortening of the method of formulating equations will be used 
frequently, since it indicates the essential changes only, and hence 
gives greater clearness. 

Moreover this shortened method of formulation presents an important gtm- 
§ralisation of the reaction between lead nitrate and potassium hydroxidcp for 
it abo expresses the reaction between lead acetate and potassium hydroxide: 



Pb*>aC,H.O/^'3K*>iOH'-Pb(OH)3 + aK' + jC,H,0/ 



(SK 



' li mijt III' the reactions of lead acetate and -nitrate with sodium hydroxide, 
fetiiini hydroxide, etc. In other words the precipitation of lead hydroxide is 
not Htnited to lead nitrate and caustic potash^ as might be inferred from 
equation (i), but any soluble base will give the same reaction with any lead 
compound, provided lead ion is present. However, it must be emphasised 
particularly that such generalisations are permissible only when they are based 
upon experimental evidence. If no precipitate is formed, it indicates that a 
secondary reaction has taken place, which removes lead ions from the solu- 
tion. 

The precipitated lead hydroxide dissolves in an excess of alkali 
hydroxide: 



Pb(OH),+ 20H'-PbO/'+2Hp (compare § 42) 



(4)^ 



Amnwnm also yields a precipitate of lead hydroxide which, how- 
ever, dissolves to a much less extent in an excess of the reagent* 

Alkali carbonates give a white precipitate of had carbonak and 
4iydr oxide (basic lead carbonate). 

Iodides form a yellow precipitate of kad iodide. 

Lead iodide and lead chloride are each much more readily soluble in solu- 
tions of the corresponding alkali halides than in water* owing to the foima- 
tion of complex ions, PbCl,', Fbl^', analogous to the complex mercury halo- 
gen ions (i33)* 

Potassium dickromate and potassium chromuk gi\'e a yellow pre- 
cipitate of lead ikromate, soluble in nitric acid and in caustic potash 
or soda. 

Lead stdphate is precipitated by potassium'^ ammonium- or sodium 
sulplmte or dilute sulphuric acid. The precipitate is appreciably sol- 
uble in hydrochloric and nitric acids, also in solutions of ammonium 
sails, especially ammoftium aceiate and -tartrak. The solubility in 
the latter serves to distinguish lead sulphate from barium sulphate, 
which is scarcely more soluble in ammonium tartrate than in water. 
The solution of ammonium tartrate is prepared by adding ammonia 
to tartaric acid solution until aikaline. 
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The solubility in ammonium tartrate depends upon the formation of a com- 
plex ion of the formula PbaCiHiOia", stable only in alkaline solution. Am- 
monia must be used to make the tartrate solution alkaline, and not sodium — or 
potassium hydroxide, because lead sulphate is also soluble in the latter, even 
without the presence of tartaric acid» 

The probable reasons for the greater solubility of lead sulphate in ammo- 
nium acetate and in hydrochloric and nitric acids cannot be stated until later 
CI iia)- 

The above-mentioned difficultly soluble salts, except lead chromate 
and also Itad sulphide, all dissol\'e in sodium ikiomlphute, forming 
a complex lead thiosulphate ion» quite stable at ordinary tempera- 
ture. Its composition has not yet been definitely settled. On warm- 
ing the solution the complex ion slowly decomposes, separating lead 
sulphide. 

By passing hydrogen sulphide gas into the solution of a lead salt 
black kad sulphide is precipitated. If, however, the solution has 
been strongly acidified with hydrochloric acid an orange red precipi- 
tate, the composition of which is not definitely known (PbCl2.PbS or 
PbClj,2pbS), first forms, but on further addition of hydrogen sul- 
phide this goes over into black lead sulphide. 

IS * Preparation of lead nitrate. Lead nitrate is easily prepared 
from commercial minium, a lead oxide of the formula, Pb^O^* From 
ro^20 g. of this red powder are heated with diluie nitric acid in a 
porcelain evaporaling-dish until the red color has been transformed 
into brown, care being taken to stir the mixture frequently with a 
glass rod. The brown color b characteristic of lead peroxide, which 
is formed according to the equation: » 



Pb,O,+4HNO, = 2Pb{N03),-F2H,O + Pb0, 



(I). 



Lead peroxide remains practically undissolved. The solution 
containing lead nitrate and any free nitric acid that is left is filtered 
and evaporated to dryness on a water -bath.* The residue of lead 
nitrate is weighed and the amount obtained is compared with the 
quantity calculated from the above equation and the weight of red 
lead taken. Two formula weights of lead nitrate are obtained from 
one formula weight of red lead; Pb^O^: 2XPb(N05), = 685.3 g,: 
662 g. From two experiments, starting with 20 and 24 g. respec- 

^A watfr-baih is used in caics where a temperature highef than that of boiling 
water 13 to be avoided. For this purpose a large beaker may be used* on top of which 
15 placed the poftielaiti evapomtifig-tijsh- 
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lively, there were obtained 21 and 25.3 g. Pb(NO,)j, while the 
quantities calculated from equation (i) are 19.3 and 23.2 g. respec- 
tively. What is the explanation of this variation from the theoretical 
quantity? Lead peroxide is not noticeably soluble in dilute nitric 
acid. 

When heated with concentrated hydrochloric acid, lead peroxide 
dissolves with evolution of chlorine, which gives a brown stain of 
iodine on filter paper moistened with potassium iodide solution. The 
equations are: 

Pb02+4HCl = PbCl2-|-2HjO + Cl2 (2) 

and Cl2 + 2KI = 2KCl + l2 (3). 

The latter may also be written : 

Cl,+ 2r = 2Cl' + l3 (4), 

taking into account that only dissolved, i. e. ionized potassium iodide 
is decomposed by chlorine. 

16. The ions of mercury. There are two well-known series of 
salts of this metal, in which one and two combining weights of a 
univalent non-metal or radical are respectively combined with one 
combining weight of mercury. The former are called mercuraus 
salts, the latter mercuric. These two classes of salts have entirely 
different properties. Accordingly we distinguish the corresponding 
ions, mercurous and mercuric. The two ions and metallic mercury 
are isomeric, § 8. All three are mutually transformable. 

17. Mercurous ion. The solution to be used for the following 
tests contains i/io formula weight of HgNOg per liter. To prepare 
it the weighed-out salt is first dissolved in a little water, previously 
acidulated with a few drops of dilute nitric acid, and then the requi- 
site amount of water is added to this solution. Water decomposes 
the salt and turns it yellow when the acid is not first added. For 
the explanation of this decomposition see § 22. 

Alkali hydroxide precipitates black mercurous oxide: 

2Hg' + 20H^ = Hg,0 + H30 (i). 

Mercurous oxide decomposes into mercuric oxide and metallic 
mercury when left standing in the light, or when heated : 

Hg,0=HgO + Hg (2). 
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The reaction with ammonia, already mentioned in § 7, not only 
occurs with solid mercurous chloride,* but also takes place when 
ammonia is added to the solution of the nitrate: 

2Hg+2NO/+2NH3 = NH; + NO/+ NH,Hg,N03 (3). 

When not perfectly pure and dry, mercurous chloride decomposes 
in the light, and, like the oxide, yields mercuric chloride and mercury: 

2HgCI = HgCU+Hg (4). 

On account of its slight solubility mercurous chloride is much less 
dangerous to the living organism than the very poisonous mercuric 
chloride. Hence this point is of especial importance in medicine. 
Iodide ion precipitates green mercurous iodide, Hgl, which decom- 
poses into Hgl2+Hg. Mercurous iodide dissolves in an excess of 
alkali iodide, separating mercury in consequence of this reaction, 

§ 33. 

Soluble cyanides precipitate mercury and form mercuric cyanide, 
according to the equation : 

2Hg+2CiV = Hg(CN)3+Hg (5). 

Mercuric cyanide solution is an exceptionally poor conductor of electricity. 
Hence in equation (5) no indication is made of a decomposition into the 
ions Hg" + 2CN' (compare § 34). 

The reactions of mercuric ion and its relations with mercurous ion 
will be dealt with later. 

18. Some special cases belonging to the first group. On test- 
ing a given solution with hydrochloric acid for the first group com- 
ponents, a precipitate is occasionally formed in Which no chlorides 
of the metals of this group can be detected. To avoid mistakes in 
consequence of this more of the first group precipitant is added in 
order to try whether the precipitate dissolves in an excess of hydro- 
chloric acid or not. Components which have this property are re- 

*The presence of water has considerable influence upon the reaction with solid 
mercurous chloride, as is shown by taking two beakers with a little concentrated 
ammonia, and adding dry mercurous chloride to the one, to the other a moistened 
sample. In the latter case darkening occurs at once and is more intense than in 
the former. Although it is known that most reactions proceed more quickly when 
the substances taking part are in solution, still it may be shown that it is not the 
case in the present instance that mercurous chloride is dissolved in the water, and, 
like the nitrate, gives with dissolved ammonia a more diflficultly soluble compound, 
NHjHgaCl. This point will be considered later. 
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ferred to in §§ 37 and 46 and in § 184a (method of bringing cy- 
anides into solution). The last point comes into consideration only 
for the complete analysis of a mixture according to § 168. The 
phenomena described in §§ 168-174 indicate that an error is possible. 

In case the first group precipitate has been treated with a great 
excess of acid to remove precipitated substances which do not right- 
fully belong in group i, as SbOC l, BiOC l^t must be remembered 
(§§ 22, 46) that the precipitation^ of AgCl, PbCl,, HgCl is also less 
complete under these conditions than when only a small excess of 
hydrochloric acid is present. The chlorides of the first group metals 
are more readily soluble in hydrochloric acid than in water, depend- 
ing upon the formation of complex ions (already mentioned in § 14). 

It must therefore be taken into account that Pb", Ag', Hg' can be 
carried over into the second group. For details consult § 22 . 

GROUP n. 

19. Precipitation with hydrogen sulphide. The filtrate from 
the first group or the original solution, in case a test with hydrochloric 
acid has not given a precipitate, thereby proving the absence of the 
cations Hg', Ag' and Pb" up to the limits of the solubility of their 
corresponding chlorides, is next treated with the second group re- 
agent, hydrogen sulphide. This is a gas that is usually generated 
from ferrous sulphide with hydrochloric or sulphuric acid. Its 
aqueous solution gives characteristically colored precipitates with dif- 
ferent cations, from the colors of which certain deductions can be 
drawn regarding the metallic components present. On account of 
the unpleasant odor and poisonous character of the gas care must be 
taken to avoid generating it in the open laboratory as far as possible. 
It is best to have special hydrogen sulphide rooms oflf the qualitative 
laboratory. 

For most analytical purposes a stock solution of hydrogen sul- 
phide* is not used, but the gas produced in special generators (Prin- 
ciples, p. 270) is passed into the solution. Generally the laboratory 
is provided with a large generator and a system of delivery tubes 
which makes it possible to use the gas simultaneously in several 
places. A glass tube is attached to one of the delivery tubes of the 
system and passes through a stopper fitting loosely the neck of the 

*As a rule the solution is used only for preliminary tests to see if second group 
cations are present, and also in washing the second group precipitate. 
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vessel in which the solution is contained (Fig. 2). By this means 
the unused gas is kept from escaping into the room. 

Before introducing the gas the solution is weakly acidified with 
dilute hydrochloric acid (the concentration of acid should be ap- 
proximately that of a fifth normal solution; 
consult § 31) and heated. Complete precip- 
tation is eflfected by saturating the liquid with 
hydrogen sulphide, i. e. by passing in the gas 
until no more will dissolve and the gas begins 
to escape unchanged. On closing the neck of 
the vessel with the thumb or palm of the hand 
and agitating the liquid, a suction indicating 
a decrease of pressure will be observed in case 
any more gas goes into solution. When no 
longer any suction is produced in this way no 
more gas enters the solution, i. e. the satura- 
tion point has been reached. 

Precipitate and liquid are then separated 
by filtration. The filtrate, after dilution with '^" ^* 

water or on addition of some ammonia,^ is 
further treated with hydrogen sulphide to see if any more precipi- 
tate forms, in which case the gas is added until precipitation ceases. 
The filtrate is tested according to § 51 for the remaining metallic 
components. 

The sulphides are collected on the filter, washed with a solution 
of hydrogen sulphide and tested according to §§ 21 and 24. The 
precipitation takes place according to the equation: 

M- + H2S = MS + 2H' (i). 

The bivalent metal ion, M", reacts with hydrogen sulphide^ forming 
the difficultly soluble sulphidcy MS, which precipitates. In the proc- 
ess hydrogen ion is also formed. The latter fact has very much 
to do with the theory of this reaction, to be described later (§ 31). 

20. Sulphides precipitated by hydrogen sulphide. The metals, 
of which the ions react with hydrogen sulphide according to equation 
(i), § 19, are: Ag, Hg, Pb, Bi, Cu, Cd, As, Sb, Sn. Their sul- 

*Care must be taken here that the solution remains acid, otherwise components 
which are normally precipitated in the third and fourth groups, might be carried 
down in the second group precipitate. 
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phides have the formulae: Ag^S, HgS, PbS, Bi,S„ CuS, CdS, 
AS2S3, (AS2S5), SbjS,, SbjSg, SnS, SnSj. 

A number of elements form two or more difficultly soluble sul- 
phides. Of the above list As, Sb and Sn in their different valencies 
form difficultly soluble compounds with hydrogen sulphide. The 
sulphides of these three metals differ essentially from the remaining 
sulphides of group II in their behavior towards ammonium sulphide, 
a solution made by passing hydrogen sulphide into ammonia. 
AsjSg, AS2S5, SbjSg, SbjSj, SnS, SnSj dissolve, while Ag^S, HgS, 
PbS, Bi2S3, CuS^ and CdS are insoluble in ammonium sulphide. 

2 1 . Separation of the sulphides insoluble in ammonium sul- 
phide. — ^The separation and identification of the sulphides insoluble 
in ammonium sulphide will be dealt with first, as this is the simpler 
case. The means of showing that only these insoluble sulphides are 
present, and also the method of separating the m^c^/wWe sulphides from 
those soluble in ammonium sulphide, are considered in §§ 24 and 25. 
In the present case the sulphides are scraped off the filter directly 
with a spatula, or the filter may be taken out of the funnel and spread 
out flat and the sulphides washed off by means of the wash bottle 
into a porcelain dish in which they are gently heated with dilute 
nitric acid. Except for mercuric sulphide all dissolve with evolution 
of hydrogen sulphide, which, however, is in part oxidized to sulphur 
or sulphuric acid. The following reactions may take place: 

MS + 2HN03 = M(N()3)2+H2S (i), 

3MS + 8HN03 = 3M(X()3)2 + 4H,0 + .3S_+2NO (2), 

3MS+i4HN()3 = 3M(N03)2+4H20-r3H,SO,+8NO (3). 

Any undissolved HgS is separated from the solution of nitrates 
by filtration (see § 33). It is then washed and brought into solu- 
tion^ by warming with aqua rcgia (a mixture of 3 volumes concen- 
trated HCl and i volume concentrated HNO3). Mercuric chloride 
is formed according to the equation: 

3HgS+6HCl+2HN03 = 3HgCU+2XO + 4H,0 + 3S (4). 

'CuS is slightly soluble in ammonium sulphide; see § 32. 

*A residue of sulphur left from the reactions in (a) and (4) has different colors 
when it contains small amounts of various undissolved sulphides. All danger 
of missing one or other of the sulphides is, however, avoided by longer heating. 
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To show the presence of mercuric chloride stannous chloride is added , »/ ( 
to the filtered solution. Mercuric ion gives a white precipitate which ""r-f / 
soon becomes gray^ especially in an excess of stannous chloride. '^ 
Stannom ion and mercuric ion cannot exist together in the concen- 
trations with which we are dealing. The former goes over into quadri- / j . 
valent stannic ion^ while the latter is simultaneously transformed 
into mercurous ion, and finally metallic mercury. The reactions are: -^^ '^> 

Sn" + 2Hg • = Sn- + 2Hg (5) , /5^. ^ 

Sn- + 2Hg- = Sn ••• + 2Hg. (6). // 

The white precipitate is due to reaction (5) and consists of mer- Jij' 
curous chloride, A sufficient excess of stannous chloride effects the '_ > 
transformation of mercurous chloride into metallic mercury (6), Jii ^ 
which separates as a finely divided gray powder. Occasionally the C 
gray precipitation follows immediately after adding stannous chlo- 
ride. In this case the second reaction (6) takes place very rapidly, 
so that the formation of mercurous chloride escapes observation. 

22. Continuation, Separation of lead- and bismuth ions. 
The nitric acid solution, which may contain Ag*, Pb", Bi'", Cu" 
and Cd"', is first tested with dilute hydrochloric acid for Ag*, and 
then with dilute sulphuric acid for Pb".* Since the precipitation of 
lead sulphate is hindered either completely or in any case partially in 
the presence of an excess of nitric acid, the solution must be evapo- 
rated to dryness on a water-bath in order to remove the excess of 
nitric acid before dilute sulphuric acid is added. The residue from 
the evaporation is then treated with water. In case it does not all dis- 

* Only when the solution which has been in contact with the first group precip- 
itate contains a substance that dissolves silver chloride or hinders the precipi- 
tation of silver ion by hydrochloric acid, does silver ion go over into the filtrate 
from the first group and thus is found as silver sulphide in the second group 
precipitate. This is, for example, the case if the solution contains fnercuric ion, 
or if the behavior of the hydrochloric acid precipitate towards an excess of hydro- 
chloric acid (i. e. concentrated HCl) is tested according to 5 i8. In the presence 
of Hg" the following reaction takes place: 

a AgCl + Hg" = HgCU + 2 Ag*. 
Precipitation of AgCl is hindered because part of the chloride ions added to the solution 
form undissociated mercuric chloride with the mercuric ions. Since only free 
chloride ions react with silver ions to form silver chloride, it follows that more 
hydrochloric acid is required to precipitate a given amount of silver ion when 
the solution also contains mercuric ion. Thus the precipitation is less com- 
plete unless an excess of hydrochloric acid is used. 

The precipitation of lead ion in group II is due to the solubility of lead 
chloride which is more soluble to a very remarkable degree at temperatures 
higher than room temperature (see J5). 
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solve, and a white insoluble portion remains behind, this is fi 
washed, dissolved in hydrochloric acid and tested for BV*' m tat 
-A' usual way (see below). To the filtrate or the aqueous solution dilute 
sulphuric acid is added drop by drop. Lead ion gives a white pre- 
cipitate of lead sulphate, which is filtered. In the filtrate or, when no 
precipitation took place, in the aqueous solution acidulated with sul- 
pkufic acid, Bi '" is indicated by a white precipitate on addition of 
ammonia. The precipitate is bismuth hydroxide or the basic nitrate 
or sulphate: 

Bi" + 30H' = Bi(0H), (,). 

Copper- and cadmium ions may also be precipitated under these con- 
ditions, especially when only a small quantity of ammonia has been 
added. By adding more ammonia these precipitates vanish, how* 
ever. In the presence of copper ion the solution assumes a deep 
blue color^ due to the formation of a complex copper ammonia wn 

(§40). 

The precipitate of Bi(OH), or basic bismuth nitrate or -sulphate^ 
obtained by adding ammonia to the aqueous solution, is filtered. 

J^ This, together with any , insoluble residue from evaporation of the 
nitric acid solution-, after washing, is dissolved in a very small amount 
of warm dilute nitric acid. Since an excess of acid lessens the deli- 
cacy of the testj dikite ammonia must be added to this solution drop 
'by drop until a slight permafienl opalescence results. Then jusl 
enough dilute nitric acid is dropped into the solution from a drawn- 
out glass tube to barely remove the opalescence. On adding sodium- 
or potassium chloride drop by drop to the clear solution a white pre- 
cipitate of basic bismitth chloride f or bismuth ox y chloride, BiOC!, 
forms if bismuth ion is present. When warmed with the solutioti 
the precipilate does not dissolve, which distinguishes it from lead 

I chloride^ that might otherwise be mistaken for the bismuth precipi- 

' tate. 

The following equations make clear the detrimental influence of an excess 
of add upon the precipitation of bismuth: 

Bi'" + H,0 = BiO^ + aH' (aa), 

and BiO" + CI' = BiQCl (ab). 

'This meafjs of identifying bismuth is much more deUcate than the cmstomary 
method of dissolving the precipitate in hydrochloric add, neutralizing the excess 
oi acid with ammonia and finally diluting this solution with a larg^ amount of water- 
In the presence of bismuth separation of the oxychloride takes place under 
theie conditions. Beginners frequently experience difiiculties in carrying out 
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■ IBljirogen ion limits the fonnatioTi of bismuthyl ion, BiO* (see ^ 28), and 
ildte chloride ion reacts with bismuthyl ion the delicacy of the test is thereby 
lessened. 

The forma I ion of a white precipitate on adding ammonia to the nitrate 
solution (i) is quite often wrongly regarded as a suflficient indication of the 
presence of bismuth ion in the solution, and thtis it is considered just as 
certain a test as the formation of bisntttth ctxychhr^de. However* this is not 
the case. When lead has been only incompletely precipitated by dilute sul- 
phuric acid, the filtrate contains lead ion which gives a white precipitate with 
ammonia, but which does not produce a precipitate with neutral chlorides. 
The reason is that the quantities of lead with which we are dealing in these 
cases are at most only very small. Hence the amount of lead chloride formed 
does not exceed the quantity present in the saturated solution of this salt* 
In any event it should be shown by warming the precipitate with the solution 
that it is not lead chloride. 

It is essential that the analyst follow the fijced rule of identifying the com- 
ponents of a precipitate by an especially characteristic reaction ^ thus bismuth 
in bismuth hydroxide in the present instance. 

From the above equations (aaj and (j&j we are able to follow the influ- 
ence which an increase of any of the substances taking part in the reaction 
will have upon the condition of the system. If a solution of bismuth chloride 
is diluted with water, equilibrium (consult |4 6, 27 and 2% for the explanation 
of this terra) establishes itself in the system after a definite time, i. e. the sys* 
tern undergoes no change, except by the addition of other substances. It is 
thus easy to show on the one hand what effect an increase of water will have on 
the system, on the other hand the efifect of an increase of acid. In case the 
initial content of water is not too great, i. e. if all bismuth ion has not been 
precipitated as BiOCl* it is readily seen that addition of more water increases 
the quantity of precipitated BiOCl^ while addition of acid decreases it, until 
finally all the precipitate vanishes, These phenomena are very important 
for the above considerations. 

I 23. Continuation. Separation of copper- and cadmium ions. 

A colorless amnimiiacal solution or filtrate shows the absence of topper. 
In this case the solution is slightly acidified ^ and is then saturated 
with hydrogen sulphide. Cadmium imi gives a yellow precipitate 
>f cadmium sulpkidcj CdS, To ensure the success of this test a 

' large excess of acid must be a%-oided. 

When copper ion is present the ammoniacal solution has a deep 
blue color. Solution of potassium cyanide is added until the him 
mlor disappears and then hydrogen sulphide is passed into the color- 

^\t^s liquid. Under these conditions a precipitate forms only when 
cadmium ion is present. The fact that copper ion does not react with 
hydrogen sulphide in this case goes hand in hand with the striking 
change of color. Since the blue color of all copper salt solutions and 

usual testt always due to the excesis of acid, which is not sufUcietitly 
aovcd with amitionia. By ificreasing the amount of chloride ion throtigh 
ddition of a ntultQl ckhride this disadvantage is for the most part overcome (com- 
I 37). 
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the agreement in their chemical properties are characteristic of cop- 
per iofij it is evident that the solution decolorized by potassium cy- 
anide contains practically no copper ion. Copper remains in the 
solution, however. Hence a complex copper iofi must be formed, 
which is considerably more complex (§ 13) than copper ammonin 
ion. The transformation of the latter into the complex cuprocyanide 
ion^ is expressed by the following equations: 

2Cu(NH3);>6CN' = 2Cu(CN)/+C2N,-|-8NH3 (i). 

Cupric cyanide or cupricyanide ion, which may be formed as an 
intermediate product under certain conditions, break down into 
cyanogen and cuprous cyanide or cuprocyanide ion respectively, 
according to the equations: 

2Cu(CN)2=2CuCN+C2N2 (2), 

2Cu(CN)3' = 2Cu(CN)/ + C,N, (3). 

The identification of Cd" in the presence of Cu"^ can be carried 
out as follows: 2 cc. of a neutral solution which may contain both 
Cd" and Cu" are acidified with hydrochloric acid. Then 20 
cc. of a saturated solution of sodium chloride are added. The solu- 
tion is next warmed and hydrogen sulphide is passed into it, precipi- 
tating cupric sulphide, black. This is filtered through a dry filter 
into a dry test-tube. On adding a few drops of water or dilute 
ammonia to this filtrate a yellow precipitate of cadmium sulphide 
forms if the original solution contained Cd". 

In case the filtrate is not clear, owing to the formation of a colloidal solu- 
tion of copper sulphide, a small quantity of a copper salt solution is added. 
Colloidal solution of copper sulphide will be formed when very little Cu" is 
present (see § 77). 

To test for cadmium in a precipitate of sulphides the precipitate 
is heated with dilute hydrochloric acid and an excess of saturated 
sodium chloride solution. The resulting solution is filtered from any 
residue and the filtrate is diluted with water or dilute ammonia. On 
passing hydrogen sulphide into this solution a yellow precipitate indi- 
cates that cadmium sulphide was contained in the original precipi- 
tate. 

Ut is noteworthy that the complex cuprocyanide ion is an anion, although it con- 
tains a metallic component which can form elementary cations (§ 9). Similar 
cases are quite frequently observed. 

^Cushman, Am. Chem. J. 17, 379, 1895. 
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The presence of lead- and bismuth ions in the solution, or of lead- and bis- 
muth sulphides in the precipitate, may give rise to errors. Hence this test 
applies only when compounds of these metals are absent or have been already 
removed. 

Sodium chloride causes a complex compound to form, probably of the com- 
position Na^CdCl^. This is, however, easily decomposed by water. 

24. Testing for sulphides which dissolve in ammonium sul- 
phide. The analysis becomes considerably more complicated if the 
second group precipitate contains members that are soluble in ammo- r^. j O 
nium sulphide (§ 20). To show if any of this group of sulphides areC ^^ v 
present a portion of the hydrogen sulphide precipitate is digested in 
a test-tube with ammonium sulphide solution. The separation and 
identij&cation follows according to § 26 in case only soluble sulphides 
are contained in the precipitate. A residue left after treatment with 
ammonium sulphide is filtered from the supernatant liquid. The 
filtrate is acidified with dilute hydrochloric acid which causes an evo- 
lution of hydrogen sulphide (equation 2) together with the forma- 
tion of a milky precipitate of sulphur. The simultaneous formation 
of Sijlocculent colored precipitate is the critical indication of the pres- 
ence of soluble sulphides. 

Along with other ions the solution of ammonium sulphide^ con- 
tains chiefly the ion S", which reacts, for example, with arsenic tri- 
sulphide as follows: 

As£,+ 3S" = 2AsS/''' (I). 

The reprecipitation of the sulphide from this solution by hydrochloric 
or nitric acid is expressed by the equation: 

2 AsS/^^ + 6H' = As,S3 + 3H,S (2). 

Acid should never be poured directly from a reagent bottle into am- 
monium sulphide solution, but from a test-tube. Any acid remain- 
ing in the test-tube must then be thrown away. Under no circum- 
stances should it be poured back into the reagent bottle, for it will 
be contaminated with hydrogen sulphide which would spoil the stock 
solution. 

Yellow ammonium sulphide, which is most generally used, con- 
tains dissolved sulphur which gives rise to bivalent ions of the gen- 

^Compare Ostwald, Foundations of Analytical Chemistry, translation by Mc- 
Gowan, p. 176. 
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eral formula, S/^' where *'n'* is a whole number varying from 2 
to 7. The ion, S^", reacts as follows ^nih hydrogm ion, producing 
a milky separation of v^ery finely divided sulphur which consequently 
appears white (Principles, p. 13J; 



S/'+2H^-H,S-t-(n-i)S 



(3)^ 



25. Separation of the soluble sulphides fioin those insoluble 
in ammonium sulphide. Provided a preliminary (est (j 24) has 
shown that the second group precipitate is a mixture of the soluble 
and insoluble sulphides, the entire precipitate is digested with ammo- 
nium sulphide J as above described. The undissolved residue is fil- 
tered, washed and further tested for members of the copper sub- 
group according to JJ 21 -23, 

26. Separation of the sulphides soluble in ammonimn suU 
phtde. Tin Sub-group, The ammonium sulphide solution is pre- 
cipitated with dilute hydrochloric acid and the precipitate well 
washed with hot water. It is then boiled for 2 or 3 minutes with con- 
centrated hydrochloric acid of specific gravity 1.2 in a porcelain 
evaporating dish or casserole- Sulphides of antimony and tin are 
completely soluble in concentrated hydroehlorie acid, while arsenic sul- 
pkide^ remains for the most part undissolved. The filtrate, or, in 
case no residue of arsenic sulphide was left, the clear hydrochloric 
acid solution is tested for antimony imi by placing a few drops on a 
clean platinum foil and dipping one end of a U-shaped strip of 
tinfoil in the liquid, lea\ing the other end in contact with the plat- 
inum beyond the drop. Tin displaces antimony from the solution 
(§ 34)1 and a dark brown stain appears on the platinum, 

[The test for antimony may also be made on a bright silver coin. 
All hydrogen sulphide must be previously expelled from the solution 

^Scitutions of ammonium sulphide which contain ions Sn'', have a cfmracUfisli^ 
yellow color. The transformation of S"'ions into Sa^'iotis is effected by a reaction 
with atmospheric oxygen, which may be summanjted &s follows: 

nS" + {n- 1)0 - Sm" + <^-'l)0'^ 
C^snsnlt Principles* pp* 505-6. 

^Contrfuy to the statements In most text-books, arsenic sulphide is not incon- 
siderably soluble in hydrochlonc acldr as well as in water (compare |r 41). That 
the above method nevertheless giveft a ^paration sufFicient for practical purposes 
is probably due, in part at least, to the great slowness with which the reaction between 
arsenic sulphide and hydrochloric acid proceeds 
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f by boilings otherwise the solution alone would form a stain on silver. 
In the presence of antimony ion the tin causes a brown to black stain 
to form after a few minutes.] (G, Denigfes, Chem, News, 88, 262, 

1903 ) 

I To identify tin ion a few pieces of granulated zinc are placed in 
the hydrochloric acid solution/ Antimony and Hn both pfecipituk^ 
while zinc goes into solution and hydrogen escapes. 
Zn+2H' = Zn>H, (i), 

I Zn + Sn** = Zn** + Sn 

The first of these reactions takes place when the solution contains a 
large excess of acid. Hence it is advisable to neutralize the greater 
part of the acid with alkali hydroxide before making the test, in 
order to obtain the second reaction almost exclusively. The zinc is 
left in the solution until its entire surface is coated with a spongy 
deposit which prevents any further dissolving of the zinc, or until 
an increase in the amount of metallic deposit is no longer observed. 

The zinc together with its spongy coating is washed with water 
and then heated with dilute hydrochloric acid. The presence of 
stannous ion, Sn", is indicated by the formation of a white precipi- 
tate of mercurous chloride upon addition of mercuric chloride solu- 
on (compare § 21, (5) ). 

[A simpler means of detecting tin consists in warming the hydro- 
chloric acid solution with clean iron wire in a test-tube until it 
becomes colorless. Antimony will deposit on the iron in black 
:pongy form, while tin remains in solution as stannous ion, which 
gives the above reaction with mercuric chloride.] 

The residue^ insoluble in concentrated hydrochloric acid is filtered 
and washed. It is then heated with concentrated nitric acid^ whereby 
arsenic sulphide oxidizes to arsenic acid [and goes into solution. 
This solution is made strongly alkaline with ammonia. Presence of 
arsenic is then shown by the formation of a white precipitate of 
magnesium ammQnium arsenate, (MgNH^AsOJ, on addition of 
magnesium sulphate or -chhride. Magnesium ammonium arsenate 

*The few drops of solution uae4 in the test for antimony with tin foil mre of course 
thrown away. 

The precipitate obtained by addiitg dilute aeids to an amnionitim sulphide solu- 
lion is made up partly of sulphur (| a4< (j) )* Hence the partial solubility of this 
precipitate in concentrateil hydrochloric acid ts not a satisfactory criterion 
: the presence of arsenic. Direct proof is therefore always necessaiy. 
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will not dissolve when a few cc. of an ammonium salt solution are 
added ( compare § 102). 

[Another method of detecting arsenic consists in dissohdng the 
residue of sulphide left after treatment of the precipitate with hydro- 
chloric acid in warm ammonia. The alkaline solution is then oxi- 
dized by means of hydrogen peroxide to ammonium arsenate. Pre- 
cipitation of MgNH^AsO^ follows in the above manner. By this 
method precipitation of sulphur is avoided.] 

27. Reversible reactions. The equations for the precipitation of the ions 
of the second group (§ 19) show that hydrogen ion is a product of the reac- 
tion. This agrees entirely with the actual conditions, as already stated in 
§ 19, (i). On the other hand the precipitated sulphides are soluble in acids 
(§ 21, (i) ), particularly in nitric acid. Since HNO3 and MCNOj), each yield 
the same ion, NO,', which may be omitted from the equation (§ 14), it is 
evident that the latter reaction is the inverse of the former : 

M"-}-H2S?=^MS-}-2H'. 

By varying the conditions it is possible to make the reaction proceed prac- 
tically to an end from left to right, — », or conversely *—', that is, until one 
or other of the substances taking part are used up. For the first case, from 
left to right, it is necessary that hydrogen sulphide be passed into the so- 
lution uninterruptedly; for the other, that the resulting hydrogen sulphide 
constantly escapes in gaseous form. 

Reactions of this type are termed *' reversible.** Inverted arrows «=± are 
used instead of the ordinary symbol of equality to connect the two sides of 
the equation, in order to indicate that the reaction may proceed in either 
direction. 

Those reactions which proceed only in one direction until one or other of 
the original substances entering into the reaction practically disappear com- 
pletely — i. e. to the limits of their analytical detection — thereby giving rise to 
new substances, are usually, but not always, only special limiting cases. The 
conditions which determine the course of a reversible reaction will be taken 
up in detail at this point, since it will help us to understand the above reaction 
of the precipitation of sulphides and also other cases. 

28. Continuation. To settle the question as to the conditions which deter- 
mine the direction of a reversible reaction, this particular case of the second 
group sulphides is specially adapted. Experience has taught us that by con- 
tinuously passing hydrogen sulphide into the system, i. e. by adding a sub- 
stance which is used up in the reaction — », the transformation involving a 
consumption of this substance is increased. Conversely the dissolving of a 
sulphide by heating it with an acid, takes place only when the hydrogen sul- 
phide that is formed escapes continuously (through heating) . It is evident, 
therefore, that the amount of dissolved hydrogen sulphide has an essential 
influence upon the direction in which the reaction will proceed. This depends, 
however, not upon the absolute but upon the relative quantities of hydrogen 
sulphide in the solution ; that is, upon the amount present in unit volume of 
the liquid. This quantity is called the concentration. 
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The following experiments will show clearly the influence of the concentra- 
tions of substances that take part in a given reaction. From a graduated 
cylinder equal volumes, say 10 cc, of a zinc nitrate or -sulphate solution con- '\^*^y<, 
taining about 1.5 g. salt in 100 cc. solution, are poured into several test-tubes. 
To the one 2 cc. dilute acetic acid are added, to another 2 cc. dilute nitric 
acid, to a third 2 cc. water in order to have the concentration of the zinc 
salt, and thus the concentration of zinc ion, the same in all three cases.* On 
saturating these three solutions with hydrogen sulphide it is observed that a 
considerable amount of zinc sulphide precipitates in the non-acidulated solu- 
tion and in the solution containing acetic acid, while in the solution acidulated 
with nitric acid a very much smaller amount of precipitate forms, and only 
after standing for some time. That the precipitation is much less complete in 
this last case than in the others is still more clearly shown by filtering, adding 
sodium acetate to the filtrate and again passing hydrogen sulphide into the 
solution. The precipitate is now formed as abundantly as in the other two 
cases. Practically all of the sodium acetate reacts with nitric acid, forming 
sodium nitrate and acetic acid (§ 38). Hence the conditions become the same 
as when the zinc solution was orginally acidulated with acetic acid. 

The difference between the action of acetic and nitric acids (§ 49) is due 
to the fact that the specific acid properties of an acetic acid solution are the 
same as those of a nitric add solution which contains (in formula weights) 
about eighty times less acid than the first solution. Hence in place of 2 cc. 
acetic acid one eightieth of 2 cc. nitric acid solution and seventy-nine eighti- 
eths of 2 cc. water might have been used without appreciably altering 
the result. 

If on the other hand hydrogen sulphide is passed into 10 cc. of a saturated 
zinc nitrate solution, acidulated with 2 cc. nitric acid, a much greater amount 
of zinc sulphide separates^ and in much shorter time than in the former case, 
where a more dilute solution of zinc nitrate is used. With respect to this 
reaction it is justifiable to conclude that an increase in the concentration of 
one of the substances used up in the reaction is followed by an increase of 
the transformation, and conversely, although the conclusion is based solely 
upon qualitative, i. e. approximate, experiments. Similarly an increase in the 
concentration of substances that axe formed by the reaction, e. g. H*, is accom- 
panied by a decrease of the transformation. 

These considerations hold generally for the precipitation of all second group 
cations. Zinc ion has been selected to illustrate these relations only because 
the influence of different acids is more clearly shown in this case than in 
others. 

29. The Law of Mass Action of Goldberg and Waage^ expresses the results 
of the quantitative study of numerous reversible reactions. In a chemical 
reaction of the general form 

A+B4=fcC + D (i), 

where A, B, C and D represent the formulae of substances taking part in the 
reaction, the concentrations, Ca, Cb, Cc and Cd, i. e. the quantities contained 
in unit volume, of the four components are related by the following mathe- 
matical expression when the system has reached a state of equilibrium: " 

* This is, however, only an approximation. The solutions of acetic and nitric 
acids should contain the same number of formula weights of acid per unit volume 
"Reference to the literature will be found in § 183. 

3 
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CaCb , 

When changes of temperature and pressure are excluded this expression holds 
for all cases. K is a constant, the value of which is characteristic for every 
reaction. In words equation (2) reads as follows: When equilibrium is 
reached in a system of four substances, the product q{ the concentrations of 
the initial substances, divided by the product of the concentrations of the com- 
ponents that are formed by the reaction, must have a constant value. If this 
is not the case the system is not in a state of equilibrium, and a reaction will 
proceed between A, B, C and D according to equation (i) until the law is 
satisfied. 

Thus each component is a factor in determining the equilibrium. In other 
words the concentration of each substance taking part in a reaction is an 
equilibrium condition. For the sake of a more complete explanation we will 
suppose that equilibrium has been reached in a system of the above type. Sup- 
pose further that a little of A is brought into solution without changing the 
total volume. Its concentration will now be Ca'. The concentrations of B, 

Ca'*Cb 

C and D remain as before, Cb, Co and Co respectively. Since > k 

Cc-Cd 
(for Ca'>Ca), the equilibrium has been disturbed. Consequently a change 
must take place in the system whereby Ca' and Cb become smaller, Cc and 
Cd larger. Hence a reaction will proceed in the direction — ♦ according to 
equation (i), assuming that other possible ways of reaching the equilibrium; 
as, for example, through the dissolving of C or D, which would increase Cc or 
Cd, are excluded. It is seen that this result obtained by applying the quanti- 
tative relations agrees with the rule that has been deduced from qualitative 
experiments. 

The following is a more general statement of the above relation. When 
an equilibrium is disturbed by increasing or decreasing the concentrcUion of 
one of the components of the system, the disturbance is manifested by a reac- 
tion which causes a decrease or increase respectively in the concentrcUion of 
the substance in question (compare Principles, p. 130). 

' The mass action equation assumes another form for a reaction in which 
different numbers of formula weights of the component substances take part. 
The equilibrium condition of the general equation mA + nB?=fcpC+qD 
has the form : 

cx-cg-kcgcj (3). 

The factors m, n, p, q express the number of combining weights of the 
individual substances taking part in the reaction. They appear as exponents 
in the expression of the mass action law. Equation (2) is a special case of 
this general type, which derives its simpler form; from the fact that in««n» 
p » q = I . K is the quotient of products which are made up of as many 
factors as there are fonnula weights of the substances used up or formed in 
the reaction. 

30. Influence of solids. Special consideration is necessary for the case in 
which one of the substances is present in solid form. It has been shown in 
the last paragraph that the equilibrium condition varies according as the con- 
centration of any one of the substances taking part in the equilibrium ii 
altered. The concentration of a substance that is present in solid form may 
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be varied, however, only within certain definite limits, i. e. between the value 
zero and the saturation point of the solid. For a system in equilibrium it is 
an impossible condition that the concentration of any one of the components 
be zero. This may, however, be true of the initial state of the system for 
any of the substances in question which are formed by the reaction between 
the initial components. / 

// a substance is present in solid form, other concentrations than that of 
its saturated solution (see { 6) cannot be realized. Hence in this case the 
concentration of the substance present iny^olid form is not variable. It is' 
therefore possible to simplify formula (2) T>y including this fixed concentra- 
tion in the constant *k.' Thus through the presence of a solid substance the 
number of variables upon which the equilibrium depends is lessened by one. 
Applications of this important case will be made frequently. 

It must be borne in mind that the quantities of the substances present in 
solid form are without influence upon the equilibrium (compare Principles, 

pp. lOO-IOl). 

31. Theory of the precipitation with hydrogen sulphide. We can now make 
use of the views just set forth in the last paragraphs to assign reasons for the 
rules mentioned in { 19 to precipitate the ions of the second group as com- 
pletely as possible with hydrogen sulphide. 

The first group filtrate must be only moderately acidulated before passing 
hydrogen sulphide into it, owing to the influence exerted by hydrogen ion 
upon the transformation (§ 28). Solutions which had originally an acid 
reaction, should be neutralized with ammonia after the first group ions have 
been tested for with hydrochloric acid. Since other ions which would .ik?r- 
mally be precipitated in the fourth group, form sulphides that are Insoluble 
in neutral or alkaline solutions, it is expedient to add a slight excess of hydro- 
chloric acid, just enough to keep them in solution and at the same time give 
a complete precipitation of the second group sulphides, before introducing 
hydrogen sulphide. No attention need be paid to any permanent precipitate 
that may form through addition of ammonia. It will either be transformed 
into a second group sulphide or will go into solution eventually in the excess 
of acid. By this means the student personally controls the quantity of acid 
present, which should approximate the concentration of a fifth normal solu- 
tion, and thus avoids many difficulties, particularly with reference to the pre- 
cipitation of cadmium sulphide. For still other reasons ({ 17) a small excess 
of acid is of benefit, because many sulphides precipitate from neutral solutions 
in a condition which makes their filtration difficult. The necessity for having 
a large excess of acid to ensure the complete precipitation of arsenic sulphides 
will be referred to later. 

If the solution was saturated with the precipitant, an equilibrium exists in 
the hydrogen sulphide filtrate between the substances M", H,S,* MS and H', 
on the assumption, however, that no loss of hydrogen sulphide occurs through 
contact of the solution with the atmosphere during filtration. This assump- 
tion is never strictly justified By decreasing the concentration of the prod- 

*For these considerations it is assumed that hydrogen sulphide is not dissociated, 
since in this way the formation of hydrogen ion will be more readily imderstood 
Strictly speaking the concentration of the S'-ion, resulting from the dissociion ofat 
hjrdfogen sulphide, (H,S±=;aH' + S'^), is of essential influence. This point will be 
dealt will later (| 74). 
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nets MS or H', an increased transformation in the sense of more complete 
precipitation results. In practice, however, only the latter means is employed, 
viz. the partial neutralization of the hydrogen ion, with the above-mentioned 
limitations ({ 28). 

It is more convenient to dilute the filtrate with water and again saturate 
the diluted solution with hydrogen sulphide. The following relation exists 
between the substances in solution, according to {29 (3) : 

Cm" • Ch^^, 
Cms Cg- 

By diluting n times, where n > i. Cm**, Cms and Ch* sink to i /nth of 
their original values. Ch^, however, remains unaltered, because the filtrate 
is again saturated with hydrogen sulphide after dilution. Since the quotient 
Cm" -Ch^ 

n 



> k, it follows that the sjrstem is no longer in equilibrium. The 



Cms Cjr 

n n 

change that necessarily follows consists in an increase of Cms and Ch". 

n n 

and in a decrease of Cm". As hydrogen sulphide is constantly introduced 

n 
during the precipitation, Ch^s is not altered. Hence more complete precipi- 
tation results. 

It is to be expressly noted that the increased precipitation is not condi* 
tioDed by the longer period during which hydrogen sulphide is passed into 
the sohitkiii, but that this is a consequence of the dilution and of the renewed 
saturatioai of the solution with hydrogen sulphide. 

52. Use of alkali sulphide in place of ammoniinn sulphide to 
separate the second group. In certain cases it is ad\isable to use 
potassium- or sodium suiphide im place of ammonium sulphide for separ- 
ating the copper and tin sub-groups ( § 26) , These solutions are made 
by passing hydrogen sulphide into sodium- or potassium hydroxide. 
They sen^ the same purpose as ammonium sulphide and excktde 
errors which might arise from the slighi soluhUiiy of copper sulphide 
im amm^mium sulphide. 

In ca5e the second group precipitate contains mercuric sulphide, a 
solution of ammonium sulphide is always used. 

The following equation show's how S" -ion is formed from alkali 
hydroxide and hydrogen sulphide: 

I: appears paradoxical to use |x>tassiuni- or svxiiuni sulphide for the separa- 
izjc.r. when the precipitate ciwtains c\>p|M^r sulphiilo, and on the other hand to 
avo:<i the usjc of alkali sulphide in case ntctxniric sulphide is present, foe this 
pre^op-jV^saes a (vartial ktiowledge v>f the v\Mn\HM\ents making up the precipitate 
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before the method of separation is selected. The change of color undergone 
by the solution on passing hydrogen sulphide into it, indicates with consider- 
able certainty, however, whether the precipitate will contain copper sulphide 
or not. Copper salt solutions have a distinct blue color. When the blue salts 
are removed from the solution by transformation into difficultly soluble sul- 
phide, the filtrate from the second group will have a color essentially different 
from that of the first group filtrate. 

Furthermore certain phenomena are observed on heating solid mercury 
compounds ({ 170, B), which give indications of the probable presence of 
mercuric sulphide in the second group precipitate. The above remarks relate 
chiefly to the question of the complete analysis of a dry mixture, which will 
be taken up in detail in part IIL Moreover the disadvantages arising from 
neglect of these precautions are not very great. Possible errors may be even 
entirely avoided when it is known how they manifest themselves. Suppose, 
for example, that the second group precipitate contains copper sulphide, and 
it is digested in the usual way with anmaonium sulphide. Some copper sul- 
phide will go into solution. On acidifying the solution it will be reprecipi- 
tated along with the other sulphides (§ 24) and goes into solution with anti- 
mony and tin in concentrated hydrochloric acid. It may happen that a red 
separation of metallic copper is observed when this solution is tested for anti- 
mony (§ 26). The copper deposit is sometimes wrongly taken for antimony, 
although the latter has a quite different app>earance when deposited. 

If it is desirable copper may be removed from the hydrochloric acid solu- 
tion that is to be tested for antimony and tin, by warming it and adding 
potassium hydroxide drop by drop (see below). Copper oxide forms and is 
removed by filtration. The filtrate is then weakly acidified with hydrochloric 
acid and is again saturated with hydrogen sulphide. The precipitated sul- 
phides, now practically free from copper, are tested for antimony and tin 
according to f 24. 

To completely precipitate copper ion (( 40) enough potassium hydroxide 
must be added to give the solution a decided alkaline reaction. Otherwise 
stannous ion might be inadvertently precipitated. A very slight excess of 
potassium hydroxide, however, suffices to bring any precipitated stannous 
hydroxide back into solution (see §38 (2) ). 

Reactions of the Second Group Ions. 

33 . Mercuric ion. The test solution is prepared by dissolving 1/20 
formula weight of mercuric nitrate, Hg(NO,)j, in a liter of water, 
slightly acidulated with nitric acid. The nitrate may be made by 
dissolving mercuric oxide in nitric acid and evaporating the solution 
on a water-bath (compare § 36). In case mercuric chloride solu- 
tion, 'corrosive sublimate/ is used instead of the nitrate, certain 
deviations, which will be referred to later, are observ'ed. 

Alkali hydroxide precipitates yellow mercuric oxide : 
Hg-+ 20H' = HgO + H,0. 

When an excess of OH' is present along with Hg", yellow basic 
salts (see § 22) are formed. 
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Ammonia yields with mercuric ion white insoluble compounds, 
known in pharmacy as ''white precipiiale" The composition varies 
according as mercuric chloride or- nitrate is used. It corresponds 
with the formulae HgNHjCl and Hg30{NHJN0j respectively. 

Alkali carbonate forms red brown basic carbanaie, which goes 
over into oxide on boiling the solution in contact with the precipi- 
tate. 

Potassium iodide precipitates red mercuric iodide, Hglj, which 
dissolves in an excess of potassium iodide to a colorless solution thai 
contains the complex ion Hgl/': 



HgI,-f2F = HgI/' 



(I)- 



This solution gives none of the above-mentioned reactions of Hg", 
in accordance with the complex nature of the ion Hgl/'. 

Black mercuric sulphide (§ 21) is precipiialed by passing hydro- 
gen sulphide into the solution of any mercury salt. From mercuric 
nitrate a white compound usually separates. It changes into the sul- 
phide on longer treatment with hydrogen sulphide. This compound 
is comparable with a basic salt, having sulphur in place of oxygen. 
It has the formula Hg3S,(NOJ, and is also formed w^hen mercuric 
sulphide is heated with concentrated nitric acid. Mercuric sulphide 
dissolves in concentrated nitric acid, however, under some conditions 
(§ 21). Consequently mercury is sometimes not detected in the 
second group, either because the sulphide goes into solution on di- 
gesting the precipitate with nitric acid, or because the above-men- 
tioned white compound forms and is taken for sulphur and therefore 
is not tested for mercuric sulphide. 

Mercuric sulphide is soluble in potassium sulphide, especially in 
the presence of alkali hydroxide^ owing to the formation of the 
complex ion HgS/^ 



i 



HgS+S" = HgS," 



W. 



Metallic mercury will deposit on a strip of copper, iron or zinc 
from any solution containing mercuric ion, and ions of copper, iron 
or zinc respectively will be found in the solution whenever an appre- 
ciable amount of mercury has been deposited. The following equa- 
tion represents this reaction: 

Cu-Mig' -Hg+Cu' (3 
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The reciprocal displacement of metals from their salt solutions is by no 
means a property due to chance. It is possible to arrange the inetalUc ele- 
ments in one series, each member of which can displace ions of all succeed- 
ing members from solutions of their salts, transforming them to the metallic 
state. In cases of abnormal dhsociatwn, where the concentration of the ion 
being displaced from solution is very small exceptions to this general behavior 
are noted* From the properties of galvanic combinations of metals and their 
salt solutions, this series is known as the electric potential series* The fol- 
lowing table contains the most important metals arranged according to this 
point of view: K, Mg, Al, Zn. Fe, Co. Pb, H, Sb, Cu, Hg. Ag. Pt. Au. 

The metals standing at the left side of the series are termed base meials, 
those at the right hand, noble ntetals. The following case illustrates the 
above-mentioned variation in the mutual positions of members of the series* 
Zinc normally precipitates copper ion. By adding potassium cyanide to a 
copper salt solution, however, the concentration of copper ion is so much 
decreased that a film of copper will no longer separate on Einc. On the con- 
trary copper goes into solution and tine deposits on immersing a copper strip 
in a tine salt solution that contains poiassium cyanide. It is therefore evi- 
dent from this experiment that the position of the elements in the electric 
potential series is not determined solely by the nature of the metal, but ts 
also dependent upon the salts dissolved. 

54. Difference in the behavior of solutions of mercuric nitrate and -chlondei, 

With the abo%^e tests it makes no difference whether mercuric nitrate or mer- 
ric chloride solution is used. Potassium sulfkocyanote, however, precipi- 
tes mercuric sulphocyanate from a mercuric nitrate solution, but does not 
ield a precipitate with mercuric chloride. The following is the reason for 
difference in the behavior of mercuric chloride and -nitrate. The latter 
ich more dissociated than the former, as may be shown independently by 
,e difference between the electrical conductivities of the two solutions. Of 
two solutions, one of the chloride, the other of the nitrate, containing each 
the same number of formula w*eights in the same volume, for instance i/io 
formula weight per liter (or 27.1 g. HgCi, and 32*4 g, HgCNOJi respec- 
tively), the solution of the mtrnte will be much more concentrated with respect 
I to mercuric ions than the solution of the chloride. As the formation of mer- 
curic sulphocyanate according to the equation : 
I Hg--+2CNS^- Hg(CNS), (I). 

h 
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pends upon the concentration of mercuric ion and is not directly dependent 

pon the concentration of the mercuric salt, it is at once evident that the 

nitrate yields a precipitate and the chloride gives none, if we remember what 

has been stated in | 18. To conclude that the chloride does not react with 

Iphocyanate ions at all would, however, be unwarranted. In this case so 

all an amount of mercuric sulphocyanate forms that no precipitation takes 
place. 

If potassium- or ammonium sulphocyanate is added to a precipitate of mer- 
curic sulphocyanate, the precipitate dissolves readily, forming a complex 
anion containing mercury according to the equation : 

Hg(CNS),-h2CNS'-Hg(CNS)/' (a). 



The corresponding potassium- or ammonium salts are easily soluble. Other 
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complex anions containing mercury and other elements, as chlorine, in addi- 
tion to the sulphocyanate radical, also exist. Such an anion forms to a cer- 
tain extent when a solution of potassium- or ammonium sulphocyanate is 
added to a solution of mercuric chloride : 

HgCl, + 2CNS'-[Hg(Cl),(CNS)J' (3). 

Taking this secondary reaction between mercuric chloride and sulphocy- 
anate ion into account, the difference in the behavior of mercuric chloride 
and mercuric nitrate towards sulphocyanate solutions becomes even more 
obvious. For, by this reaction (3) the concentration of mercuric chloride, 
and correspondingly the concentration of mercuric ion, as well as that of 
sulphocyanate ion, are diminished. The two latter ions are used up by reac- 
tion (i), as was stated above. 

The first-mentioned influence seems, however, to predominate. 

Mercuric bromide, -iodide and -cyanide, as well as the chloride, exhibit 
anomalous dissociation. The cyanide is practically non-dissociated, and the 
iodide is considerably less dissociated than the chloride. 

With regard to the secondary effect of the formation of a complex anion, 
it should be remembered that a similar reaction takes place when mercuric 
iodide is dissolved in a solution of potassium iodide (see { 33). 

A similar reaction between mercuric chloride and soluble chlorides, e. g. 
HgCl2-h2Cl'«HgCl/'. affords an explanation of the fact that mercuric 
chloride solutions containing potassium- or sodium chloride are less poisonous 
than solutions of mercuric chloride alone which contain the same relative 
amount of mercury. It has been shown by Kroenig and Paul that the poison- 
ous properties depend also upon the concentration of Hg**. When a solution 
of mercuric chloride has reacted with CI' to a certain definite extent, it be- 
haves like a correspondingly more dilute solution of corrosive sublimate, i. e. 
it becomes less poisonous. 

35. Experiments with the bulb-tube. All mercury compounds 
volatilize when heated in a bulb-tube.* The chloride, HgCl,, yields 
a white deposit, which may be driven along the tube with the flame, 
always depositing again on the colder portions of the walls. This 
transport of solids through transformation into vapor is termed sub- 
limation and the deposit is called a sublimate. Other mercuric salts, 
and also a mixture of mercuric chloride with sodium carbonate, 
form a deposit of oxide: 

Na,C034-HgCl,= 2NaCl + HgO+CO,. 

At higher temperatures a further decom[)osition of mercuric oxide 
into mercury and oxygen takes place, giving rise to a gray deposit 
which is seen to consist of globules of metallic mercury under the 
microscope. 

'The bulb-tube is ix>nstructeil fi\>m onlinary clean jj^»»5«i tubing by sealing off one 
end. The closed end may hf blown mit to a small bulb. The tube should 
be alx>ut 10 cm. long and 8-10 mm. in diameter. For buU>-tul>e experiments small 
quantities of solids are useil. approximating the M«e of a grain of wheat. 
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36. Preparation of oxygen, mercurous nitrate and mercuric 
nitrate. In the above-mentioned decomposition of mercuric oxide 
oxygen b evolved and mercury remains behind. The oxygen may 
be collected if the mercuric oxide is heated in a tube of the form 
shown in Fig. 3. The tube has a knee-shaped bend in which the 




Fig. 3. 

condensed mercury collects. A delivery tube is fitted to the appara- 
tus and consists of a short piece of glass tube passing through the 
stopper and connected by rubber tubing to a second glass tube. 
As is e\ident, the evolved gas can be passed by this means into an 
inverted cylinder filled with water. It may be shown that the gas 
collected in the cylinder is oxygen by testing it with a glowing splin- 
ter. It supports the combustion of the splinter much more vigor- 
ously than does air. From 2-3 g. mercuric oxide are taken for the 
experiment. The volume of oxygen may be approximately esti- 
mated in advance from the following data: 216 g. mercuric oxide 
yield 16 g. oxygen, and at room temperature 32 g. oxygen occupy 
approximately 24 liters (compare Principles, p. 88). 

The mercury condensed at the bend of the generator tube may be 
transformed into mercurous or mercuric nitrate by heating it with 
dilute or concentrated nitric acid. A high temp)erature and concen- 
trated acid favor the formation of the mercuric salt. An excess of 
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mercury is, on the other hand, essential to the formation of mer- 
curous sah. One portion of the mercury is converted into mercur- 
ous nitrate and another portion into mercuric nitrate* The solutions 
obtained are evaporated to dryness and the residue left in each case 
is tested to sec if it contains any of the other salt. Thus the mer- 
curic nitrate is tested for mercurous nitrate by means of hydrochloric 
acid (§S 5 and 21), To detect small amounts of mercuric nitrate id 
the residue of mercurous nitrate the salt is brought into solution and 
the mercurous ion is precipitated with a soluble chloride. The fil- 
trate is then tested with hydrogen sulphide, 

37 1 Bismuth ion. The test solution is made from bask bismuth 
nitrate, Bi (OH)jNOjt^ by dissolving 1/30 formula weight in a liter 
of water^ acidulated with nitric acid. It is best to first warm the 
salt with just enough acid to dissolve it and then dilute with water 
to a liter. In case a cloudy precipitate forms on diluting, a little 
more acid is added until the solution becomes clear. The precipita- 
tion of bismuth salts from their solutions by diluting them with water 
is used as a test for bismuth ion. It is due to a reaction between 
bismuth ion and water according to the equation: 



Bi""+H,O^BiO' + 2H\ 



4 



The ion, BiO', is called bismuthyl ion. 

The formation of an insoluble compound by diluting a bismuth salt 
solution is more pronounced with the chloride than with the nitrate* 
This is shown by adding very dilute hydrochloric acid drop by drop 
to a nitrate solution which contains just enough nitric acid to prevent 
precipitation of the basic nitrate, A white precipitate of bismuth 
oxychloridet BiOCl» forms. The addition of very dilute nitric acid^ 
however, causes no precipitation. Consequently the basic chlo- 
ride is less soluble than the basic nitrate. 

The following consideration will make this more obvious The precipita- 
tion begins whetiever the solution becomes supersaturated with respect to bis- 
muth oxychloride or bismuth oxynitrate, BiONO^, which are formed from 
BiO' and CV or NO,' respectively. Since the above solution contains fewer 
CI ''ions than NO/-ions^ it follows that a smaller amount of bismuth oxy- 
chloride forms than of bismuth oxynitrate. Nevertheless bismuth oxychloride 
precipitates. Therefore it is more difficultly soluble than bismuth oxynitrate. 

According to what has been stated in £ 28 it is clear that the addition ot 

'Basic bismuth nitrate is really a mixtxire, the composition of which corresponds 
with the above formula* 
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chloride ion to a solution of bismuth nitrate favors the precipitation of the 
oxycbloride, while the addition of hydrogen ion acts in the contrary sense, if 
we take into account that the reaction proceeds in the following steps : 

Bi"* +H,0?=tBiO' + 2H\ 

BiO^ + Cl'^BiOCL 

Accordingly no precipitate forms tinless the hydrochloric add is siifficiently 
dilute, because otherwise the influence of hydrogen ion preponderates. If, 
however, potassium- or sodium chloride is added in place of hydrochloric acid^ 
only the action of chloride ion, which favors the precipitation, comes into play. 
Hence this affords an especially delicate test. The method of testing for bis- 
mtith mentioned in f aa, is based upon the above considerations* 

38. Reactions of bismuth ion. The test solution (§37) forms 
with alkali hydroxide or ammonia a precipitate of difficultly soluble 
bismuth hydroxide. It oxidizes to a light brown higher oxide when 
treated with bromine or hydrogen peroxide. 

Potassium dichromate precipitates yellow bismuthyl dichromak^ 
(BiO)3CrjO^, easily soluble in dilute hydrochloric or nitric acid, 
practically insoluble in acetic acid, insoluble in alkali hydroxides 
(distinction from lead chroma te). 

In case a bismuth salt solution contains too much free hydrochloric 
or nitric acid, it is not precipitated with potassium dichromate. The 
conditions for precipitating (BiO)3Cr307 are established by adding 
sodium acetate to the solution. Acetate ion and hydrogen ion form 
undjssoctated acetic acid: 

H' + CjH.O/iztC^p^ i). 

Similar differences in the behavior of acids will be considered in §g 
4g, SQand 151 « 

A solution of alkali stannite precipitates black meiallic bismuth. 
This reagent is prepared just before use by adding to i cc. stannous 
chloride solution enough potassium- or sodium hydroxide to barely 
redissolve the precipitate of stannous hydroxide which is at first 
formed: 

S \ Sn(OH) ,+ 20H^-2H30H-SnO/^ (2). 

Bismuth hydroxide reacts with the stannite ion (J 47), yielding 
stannate ion, SnO^", and metallic bismuth. 

2Bi{OH),-f3SnO/' = 2Bi + 3SnO/' + 3H,0 



(3)^ 
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In case too great an excess of alkali hydroxide is present, or if the 
solution is heated, the test may be spoiled. 

Potassium iodide forms a reddish black precipitate of bismuth 
iodide, Bil,, soluble in an excess of potassium iodide. The solution 
is yellowish red and contains the complex ion, Bil/ (?). Addition 
of stannous chloride or other substances that destroy free iodine does 
not take away the color (distinction from copp)er, etc., § 40). 

Dry mixtures of bismuth compounds with sodium carbonate, when 
heated on charcoal before the blowpipe (see § 39), yield a charac- 
teristic briiUe bead (very easily broken up). A yellow deposit of 
bismuth oxide forms on the charcoal. 

39. Blowpipe tests. Many metallic compounds when mixed dry 
with sodium carbonate and heated in the blowpipe flame show char- 
acteristic reactions. It is frequently possible to determine directly 
the components of a given mixture by means of blowpipe tests (com- 
pare §§ 168 and 171). 

Conditions for decomposing many metallic compounds into the 
corresponding metals or metallic oxides are established with the 
blowpipe. In order that reduction to the metal takes place, some 
substance must be present to combine with the oxygen of the metal- 
lic oxide. ^ By cutting off the air supply to a bunsen burner a 
luminous flame is produced which contains very finely divided car- 
bon particles in consequence of an incomplete combustion of the gas 
fed into the burner. This carbon acts as a reducing agent in blow- 
pipe experiments. A dry mixture of approximately equal quanti- 
ties of oxide (or salt) and sodium carbonate is placed in a hollow 
on a piece of charcoal. By holding the blowpipe in the outer edge 
of the bunsen flame and gently blowing, a luminous pointed flame, 
the reducing flam^, is directed against the mixture. The reduced 
metallic globules are directly visible in some cases, while in others 
there is no visible reduction of iht fused mass. The metallic grains 
are seen by breaking up the fusion in a mortar after it solidifies and 
washing away the lighter particles, mostly carbon. 

*In general metallic oxides are formed by a reaction between sodium carbonate 
and a salt of the metal in question. They are reduced to metal by carbon. In 
addition sodium carbonate acts as a flux. With lead chloride the following reac- 
tions take place: 

PbClj-f Na2C03 = 2\aCl-l-PbO + COj 
and 

2PbO + C = 2Pb-f CO,, or PbO-f C = Pb4-CO. 
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On the other hand, if it is desired to form metallic oxides, the 
bunsen flame is made fwn-luminaus by increasing the air supply and 
a nan-luminous blowpipe flame, oxidizing flame, is directed against 
the mixture. Certain metals may be distinguished by the color of 
the oxides deposited on the colder portions of the charcoal, others 
from the characteristics of the non-oxidized metallic globules. 

A brief description of the blowpipe reactions of the most impor- 
tant metals and their compounds will be found in § 171. 

For blowpipe practice the bunsen burner is generally provided 
with a special tube flattened to a slit at the top and cut off obliquely 
to permit the operator to direct the flame readily against any object 
(see Fig, 7, § 106, Flame Reactions). 

40. Cupric- and cuprous ion. Copper forms two series of salts 
(compare Mercury) with the corresponding ions, cuprous and cu- 
pric. iTnder ordinary conditions the latter is more stable, i. e. 
cuprous ion tends to pass into cupric ion, separating metallic copper 
simultaneously. Hence the following reactions relate to cupric ion 
exclusively. 

The test solution may be made of the chloride, nitrate or sulphate, 
and contains i /20 formula weight of the salt per liter. In making up 
the solutions account must be taken of the water of crystallisa- 
tion of the solid salts. They have the formulae: CUCI2.2H3O, 
Cu(N03)j.3HjO and CuSO^.sHjO respectively. 

Alkali hydroxide precipitates blue cupric hydroxide, CuCOH),, 
which passes into the black oxide, CuO, when heated, or on standing 
in an open vessel. [A black basic oxide, Cuj02(OH)2 may form.] 

For the behavior of copper salt solutions towards ammonia con- 
sult § 23. The oxide and hydroxide both dissolve in ammonia and 
in ammonium sail solutions. These solutions have a characteristic 
deep blue color. The corresponding solid salts, copper ammonia 
complexes, are precipitated from the solutions by means of alcohol. 

Potassium ferrocyanide precipitates brown cupric ferrocyanide, 
the composition of which varies somewhat. The reaction is an 
especially delicate test for copper. 

With potassium sulphocyanate cupric ion forms a dark precipitate 
of cupric sulphocyanate, Cu(CNS)2. [Dilute copper salt solutions, 
however, give no precipitate, but the color changes from blue to 
green.] By adding sulphurous acid or a sulphite solution a white 
precipitate of cuprous sulphocyanate forms: 
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2Cu(CNS), + S0," + H,0 = 

aCu (CNS) + aCNS' + SO/' + iW 



(I). 



The instability of cupric sulphocyanate is contrary to the ordinary 
behavior of copper sahs. Other still more pronounced cases are 
found with the haiide salts and the cyanide. Apparently a brown 
precipitate forms on adding p&lussium iadide to a cupric salt solu- 
tion. By filtermg and washing, however, it is found to be white, 
the filtrate being brown through the presence of free iodine: 



CuI, = CuI+L 



If substances which transform free iodine into iodide ion are added, 
for instance, ferrous sulphate (5 159) or sodium sulphite {§ 121), 
the white precipitate of cuprous iodide is seen without filtering 
(compare § 38). 

Cuprous ion h colorless. With alkali hydroxide it forms yellow 
cnprotis hydroxide which passes into red cuprmis oxide on boiling 
the solution. Both the hydroxide and oxide dissolve in sulphuric 
acid, yielding metallic copper and cupric sulphate: 



A 



Cu,0 + 2H* + SO/' = Cu" + SO/' + Cu + H,0 



{2)^ 



From this reaction it follows that cupric sulphate is more stable than 
cuprous sulphate. Reverse relations hold for the haiide salts. 

A solution containing cuprous ion may be made by heating an 
acidulated cupric salt solution with strips of copper foil, for in- 
stance, a solution of cupric chloride acidulated with hydrochloric 
acid, until the color disappears. Air must be excluded. 

Copper salts yield small metallic grains of characteristic red color 
when heated with soda on charcoal in the reducing flame, 

41. Cadmium* A solution containing i /20 formula weight per 
liter of the chloride, CdCl^-^HjO, the nitrate, Cd (NO 3)3.41130, or 
the sulphate, CdS0^.8/3HjO, is used for the tests. 

Alkali hydraxide and ammofiia yield a white precipitate of cad- 
mium hydroxide, CdlOH)^. The precipitate is soluble in an ex- 
cess of ammonia owing to the formation of a complex cadmium 
ammonia i<m^ Cd(NHa}4". 

Alkali carbmiate precipitates white basic carbonate. 

With potassium cyanide cadmium ion reacts like many other bi- 
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vp.lent cations. A white precipitate of cadmium cyanide forms at 
first. By adding more potassium cyanide this precipitate goes into 
solution, forming the complex anion Cd(CN)/' (2). 

Cd" + 2CN^4i± Cd(CN), (i), 

and Cd^^) ,+ 2CN'i=2Cd(CN) /' (2) . 

From this solution hydrogen sulphide precipitates yellow cadmium 
sulphide. Hence the complex formation is not entirely complete 
under ordinary conditions, and the solution contains some cadmium 
ion. It is evident, on the other hand, that cadmium sulphide is dif- 
ficultly soluble. Nevertheless it belongs to the more readily soluble 
sulphides of the second group, and is sometimes not precipitated, 
especially when the filtrate from the first group was too strongly 
acidified. 

42. Arsenic. It is uncertain whether arsenic and antimony be- 
long to the metals or non-metals. The uncertainty is partly founded 
on the behavior of their compounds. The characteristic property of 
a metal is its ability to form cations. With arsenic and antimony 
this property is only weakly developed, although the evidence that 
they do exist as cations in solutions is well founded. 

Arsenic has a much greater tendency to form anions containing 
oxygen, as AsO,'" and AsO/". The separation and identification 
of these anions will be dealt with in §§ 132 and 133 in connection 
with the other anions. 

The following considerations will serve to make the double role 
of arsenic clear. In water solution arsenic trioxide is partly hy- 
drated into arsenic hydroxide, which dissociates into ions in the fol- 
lowing two ways: 

As(OH)3^AsO--h3H- (i), 

and As(OH) 3?=^As"" + 3OH' (2). 

Solutions of pure arsenous oxide contain these ions to only very 
slight extent. By adding certain substances, however, conditions 
may be established under which only one kind of dissociation takes 
place. The nature of the additions required to produce either dis- 

Mn such cases the hydroxide is said to have amphoteric character (Bredig). Com- 
pare also Sb(OH)„ Sn(OH)„ SnCOH)^. Al(OH),. etc., (( 46, 47» 4«» 63. 
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sociation may be deduced from the rule given in § 28. A decrea?: 
in the concentration of hydrogen ion will favor the dissociation ad- 
cording to (i), while a decrease in the concentration of hydrox)l 
ion favors (2). In alkaline solutions the concentration of hydrogen 
ion is very small (compare § 50), and in acid solutions only a very 
little hydroxyl ion is present. Hence alkaline solutions of arsenic 
trioxide contain the ion AsO,''', while an acid solution, for instance, 
a hydrochloric acid solution, contains a definite but small amount of 
the cation As"*. 

This conception, deduced from actual facts, proves very valuable 
when applied to the various phenomena observed with arsenic com- 
pounds. Thus it explains why an acid solution of arsenic trioxide 
yields a precipitate of arsenic trisulphide with hydrogen sulphide, 
and why an alkaline solution gives no precipitate. In alkaline solu- 
tions hydrogen sulphide forms the same product that is obtained by 
dissolving arsenic trisulphide in alkali- or ammonium sulphide (§ 24, 
(I)): 

AsO/- + 3H,S;z±AsS,"' + 3H,0 (3). 

The precipitation from acid solution follows the equation: 

2As"' + 3H2S;p±As£^+ 6H' (4) . 

As has been already mentioned in § 26 the reaction (4) may proceed in the 
reverse direction ♦— , provided the concentration of hydrogen sulphide in 
the solution is very slight. While the fact mentioned in § 26, footnote, places 
a limit upon the insolubility of arsenic trisulphide in hot concentrated hydro- 
chloric acid, the extent to which arsenic trisulphide dissolves is also limited 
on the other hand by the hydrogen sulphide hberated in the reaction between 
antimony and tin sulphides wnth hydrochloric acid. The latter effect becomes 
less pronounced according as the hydrogen sulphide escapes from the system 
on warming it. Although the dissolving of arsenic trisulphide can never be 
entirely avoided, still the amount that goes into solution within a short time 
is only very slight. 

Arsenic trisulphide also goes into solution when heated with water or when 
left standing in contact with water for a long time. This fact indicates that 
the system As^Sj + aHjO is not always more stable than the system ASjOj-f- 
3H3S of the same elementary composition. The transformation in the sense 

As,S, + 3H,0-^As20, + 3H2S (5) 

takes place to a noticeable extent when the concentration of the resulting 
hydrogen sulphide is decreased (for example, by volatilization) . By leaving 
water standing in contact with arsenic trisulphide in a closed vessel for some 
time and then filtering and passing hydrogen sulphide into the acidulated 
filtrate, it is readily shown that the hydrolysis of arsenic trisulphide is only 
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very slight under these conditions. On the other hand water that has been 
left in contact with arsenic trisulphide in an open vessel, gives k much greater 
amount of precipitate after it has been filtered, acidulated and treated with 
hydrogen sulphide as above. 

A solution of arsenic trioxide in concentrated hydrochloric acid 
or a solution of an arsenite yields a black precipitate of arsenic when 
heated with stannous chloride (Bettendorf's reaction). The equa- 
tion is: 

2As*"-f 3Sn"" = 2As+3Sn"*" (6). 

43. Ions of quinquivalent arsenic. The properties and dis- 
sociation relations of arseni^i^ntoxide are very similar to those of 

the trioxide. The ion As isl^'till weaker cation than As'"*, while 

AsO/" has more pronounced ai\ion characteristics than AsO,"'. 

The solution of arsenic acid required for the following tests is 
most conveniently made by heating a small quantity of arsenic tri- 
oxide with nitric acid and evaporating the solution on a water-bath 
(under the hood) »until acid vapors can no longer be detected with 
moistened blue litmus paper. 

Acid solutions of arsenates are precipitated slowly by hydrogen 
sulphide, more quickly when warmed. They give rise to arsenic tri- 
sulphide and sulphur. Hydrogen sulphide reduces the ion As 

(§ 52) as follows:' 

As -fH,S = As*" + 2H--fS (i). 

The reduction takes place more rapidly when the solution is 
warmed; hence the precipitation follows more quickly in this case. 
Furthermore by adding other substances, particularly by warming 
with sulphurous acid (displacing any excess of sulphur dioxide 
afterwards with carbon dioxide), the reduction is more conveniently 
eflfected: 

As + S03"-fH,0 = As'**-fSO/' + 2H' (2). 

*The reaction of hydrogen sulphide with this solution may also be formulated 
as follows: 

AsO/" + H5S-AsO/" + H,0 + S (ib) 
According to this latter equation one formula weight of hydrogen sulphide is used 
up in reducing one formula weight of arsenic. Experiments relating to the influ- 
ence of hydrochloric acid or alkali hydroxide upon this reaction readily show which 
of the two equations applies to a given case. By adding acid the concen- 
tration of AsO/" is decreased, that of the cation As increased. Alkali 

hydroxide has the opposite effect. 
4 



so 
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To prepare arsenic pentastdphide ad%'antage is taken of the fad 
that the trisulphide dissolves in yellow ammonium sulphide, which 
contains S/'-ions according to § 24, yielding AsS/'' . 

As£,+ 3S"+2Sa* = 2AsS/''+2S../' (3). 

The pentasulphide is precipitated on acidifying this solution: 

2AsS/" + 6H =3H,S + As^ (4), 

Arsenic pentasulphide is also precipitated by passing a strong cur- 
rent of hydrogen sulphide gas into an arsenic acid solution contain- 
ing a large excess of concentrated hydrochloric acid. 

Siann&us chloride separates arsenic from a strongly acidified solu- 
tion of arsenic acidi but the reaction proceeds much more slowly 1 
than is the case with arsenic trioxide. 



44. Behavior of arsenic compounds when heated on charcoaL 

Dry mixtures of arsenic compounds with sodium carbonate, when 
healed in the reducing jlame^ yield vapors having a garlic odor. 
Great care must be taken to avoid inhaling these vapors, since they 
give rise to arsenical poisoning. The garlic odor is characteristic of 
a particular modification of arsenic (Principles, p. 706) that is very 
unstable. In contact with air it yields arsenic trioxide, which forms 
white fumes depositing on the colder portions of the charcoaL 

45. Detection of very small quantities of arsenic by Marshes test. By rea- 
son of its delicacy the follcwng test is more important than any of those 
mentioned in ^ 43 and 45. It is always applied in cnmitial cases of arsenical 
yjoisoning; The test is based upon the production of arsine gas, AsH^, whicli 
decomposes into hydrogen and arsenic when heated in a tube. The farmer 
escapes, while the latter forms a velvety black deposit on the colder portions 
of the tube walls. To prepare arsine an arsenical solution or a solid sub* 
stance that is being tested for an arsenic content is placed in a flask in which 
hydrogen is being generated from the action of dilute sulphuric acid on ^inc. 
The ordinary commercial acids and also the commercia! metals very fre- 
quently contain arsenic. Zinc and sulphuric acid are used becatise they may 
be obtained practically free from arsenic. It is necessary, however, to test 
both the sulphuric acid and the zinc used in each experiment for aji arsenic 
content by running a blank experiment (see below). 

Fig. 4 shows how the Marsh apparatus is set up. The tube **t" is filled 
with dehydrated calcium chloride in order to dry the evolved gases. 

In carrying out the experiment the bottom of a joo cc. Erlenmeyer fl^k 
is covered with granulated pure zinc/ over which is poured dilute sulphuric 

'If the zinc is coppered before beginning the experiment . by dipping it for a. short | 
time into copper sulphate solution, a .more rapid evolution of gas is oblainecl* which 
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acid (i vol. concentrated sulphuric acid slowly added to 8 vols, water). After 
the gas has been generating for about 1 5 minutes, a dry test-tube is held in- 
verted over the end of the delivery tube "e." It is kept there for several 
minutes until all air has been displaced by gas from the generator, and is then 
closed with the thumb and brought to a gas flame. As soon as the gas col- 
lected in this way will ignite without explosion, it is certain that all air has 
been driven out of the apparatus. The hydrogen issuing from the end of the 
tube *'r" (of hard glass) is then ignited and the tube is heated with a bunsen 




Fig. 4. 



burner just in front of one of the constricted portions (see diagram). This 
blank test is continued for about 1 5 minutes. If at the end of this time no 
dark deposit of arsenic is observed in the narrow part of the tube just behind 
the burner, the sulphuric acid and zinc used are free from arsenic and will 
serve for testing the solution or substance under observation. 

The arsenical solution* is then poured into the flask through the safety tube. 
Care must be taken to avoid letting air into the Erlenmeyer flask while pour- 
ing in the solution. After a few minutes the jet of burning hydrogen as- 
sumes a pale lilac color and a brown black deposit of arsenic settles beyond 
the heated part of the tube "r." 

A further test for arsenic consists in holding a cold object, for example, 
the cover of a porcelain crucible, in the flame of burning arsine. A brilliant 

best serves the requirements of the test. This is due partly to the fact that 
the surface of copper is rougher and that hydrogen gas escapes more easily 
from rough than from smooth surfaces. Hence the reaction 

Zn-f aH'-Zn' -f H, 
proceeds faster. 

Furthermore the deposit of copper on part of the zinc surface produces the effect 
of a short-circuited galvanic element with zinc and copper electrodes. Under 
these conditions tine dissolves much more rapidly in acids. 

^The solution must contain no nitric acid or nitrates. In case NOj'-ion is pres- 
ent, a few drops of concentrated sulphuric acid are added and the solution 
is heated under a hood until white fumes of sulphur trioxide escape freely. Then 
it is certain that the volatile nitric acid has been displaced. 
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black mirror oi arsenic deposits on the cold surface. This is due to the fact 
that the cold body produces a lowering of the temperature and only hydrogen 
bums under these conditions, while arsenic deposits in metallic form. The 
characteristic color of the arsine flame and the formation of arsenic spots on 
a cold porcelain surface will be observed, however, only if not all of the arsine 
has been already decomposed in the heated tube. 

Under similar conditions antimony compounds also form a black deposit of 
antimony. Hence it is necessary to have tests to distinguish arsenic and anti- 
mony spots. 

Arsenk sf>ots are soluble in a solution of sodhtm hypochl^frite or hleackin^ 
powder^ whjle antitnony spots do not dissolve. The solubibty of the ars^iic 
mirror is due to oxidation. The antimony spots are less eanly oxidized than 
arsenic spots. 

Both the arsenic and antimony mirrors dissolve in ammonium sulphide. 
On evaporating this solution arsenic leaves a ycllimf residue, aniimamy aa 
orange. [Furthermore the arsenic mirror deposited in the tube **r" is more 
volatile than an antimony mirror j 

Lately a very careful investigation of the Marsh test has been made by 
G. Lockemann^ Zeitschrift fur angewandte Chemie^ iS, 41 6-2 g, i905» to which 
the student is referred in cases where the greatest care is desirable* 

46. The ions of antimony. Antimony resembles arsenic in ib 
beha\^or in so far as it exists in irivalmt and quinquivalmt forms, to 
which likewise two series of cations and anions correspond* Tfi- 
valefii antimony forms the ions Sb"* and SbO/". The latter exists 
in solutions of the salts of antimonous acid, tintimamtes, the former 
in hydrochloric acid solutions of antimony trioxide. 

A solution of antimony trioxide in hydrochloric acid has the fol- 
lowing characteristics. When diluted with water a white precipi- 
tate of antimony oxychloride^ forms. It is distinguished from bk- 
muth oxychloride (§ 37) by its solubility in tartaric acid. The ion 
SbO' is called antimonyl ion, the chloride, SbOCK being correspond- 
ingly antimony 1 chloride. The formation of antimonyl ion takes 
place according to the equation: 

Sb''>H,O^SbO'-f 2H^ (I), 

Antimonous chloride solution yields with alkali hydroxide or am- 
monia, and also with alkali carbonates ^ a white precipitate of anit- 
monmts hydroxide: 

Sb"' + 30H^ = Sb(0H ), (2). 

Antimonous hydroxide is soluble in acids and in alkalies, owing to 
a double dissociation analogous to that of arsenous acid (§ 42). 

*The composition of the precipitate varies with the amount of water present. 
As mure water is added it he^QOmcs relatively poorer in chlorine and richer tti 
antimony. 
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Sb(OH)3^Sb-+30H' (3a), 

Sb(OH)3^Sb03-'+3H- (3b). 

From acid solutions hydrogen sulphide precipitates antimony iri- 
sulphide, Sh.JS^, orange, soluble in acids and in sodium-, potassium- 
and ammonium sulphide. 

For identifying antimonous ion it is preferable to deposit antimony with 
tin (according to § 26) from a solution which may contain stannous ion, 
rather than to use zinc, because the latter also precipitates tin which is fre- 
quently mistaken for antimony, although the tin deposit is much brighter. 

The ions of quinquivalent antimony are Sb * and SbO/". 

Neither has any special definitive properties. 

A solution of antimony pentoxide in hydrochloric acid may be 
used for the following tests. When diluted with water the solution 
precipitates difficultly soluble oxychloride, SbOjCl, which becomes 
antimonic acid when heated in contact with the solution. 

Hydrogen sulphide precipitates antimony pentasulphide, which is 
not essentially different from the trisulphide in its solubility rela- 
tions. 

An ammoniacal solution ol silver is used to distinguish the triva- 
lent ions of antimony from the quinquivalent ions.' It transforms 
alkali antimonite (see above) into antimonate, separating metallic 
silver. In rendering the antimony solution alkaline for this experi- 
ment it is essential to use ammonia (hence also ammoniacal silver 
solution) and not alkali hydroxide, because in this latter case silver 
oxide would form simultaneously with metallic silver. Hence the 
test is applicable only when ammonia is present to redissolve the 
silver oxide (§ ii). Provided sufficient ammonia is present, a 
black deposit can only be due to the reaction with antimonite. 

Sb03'''+2Ag- + H20 = SbO/''+2H-+2Ag (4). 

To distinguish the ions of pentavalent antimony the solution is 

acidified and potassium iodide solution is added. In case Sb or 

SbO/" were present, a broum red color, due to free iodine, results. 

* Compare Principles, p. 702. 

[* Anothermethod is to add an excess of alkali hydroxide in order to form anti- 
monite ion, and then a drop of mercuric chloride, which yields mercuric oxide 
under these conditions. Mercuric oxide is changed by antimonite ion to gray or 
black mercury.] 
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In each case ions of trivalent antimony are formed, as shown by the 

equations; 

Sb""" + 2l'-Sb'" + 2l (5), 

and SbO /" + 2H' 4* 2!' - SbO^'" + H,0 + 2I (6), 

Equation (6) shows unequivocally that hydrogen imi must be pres- 
ent , while in (5) the efTect of the presence of hydrogen ion may be 
understood from what has already been mentioned concerning the 
existence of antimony cations (compare also § 43, footnote). 

The solubility of nearly aU difficultly soluble antimony salts in tartaric add 
or tartrate solutions, depends upon the formation of the complex iofi, 
C.H^Ofl.SbO' from the anion C^HjOa" and antimonyl ion, SbO\ This 
complex ion '%% less stable in acid solutions than in neutral or alkaline solu- 
ttonSi since hydrogen ion reacts with it as follows : 

C,H,0,.SbO' + H VtC,H,0/ + Sbc} (7), 

Now antimonyl salts, ai; SbOCl» SbONOj, are decomposed by water, i. e* 
kydrolysed (fi 71)1 separating SbO. OH according to the equation: 



SbO' + H,Of±SbO.OH + H' 



(S). 



Hence solutions which contain the complex ton C^H^Oj-SbO' sef>arai£ SbO. OH 
when weakly acidised. 

On adding more acid the precipikUe vanishes because the ion SbO' result- 
ing from SbO. OH forms the ion Sb" under these conditions according to 

Dry mixtures of antimony compounds with sodium carb&nak 
when heated in the reducing Jiame on charcoal yield a briule m^iaUk 
bead, and a white sublimatv of muimony irioxide deposits on the 
charcoal {consult J 171, Charcoal Tests). 

47< Ions of tin* Tin likewise forms two series of salts in which 
it is quadrivalent and bivalent respectively. The corresponding 
ions are stannic ion, Sn""" and stannous ion^ Sn", 

Stannous ion. For the lest solution tin foil is dissolved in hydro* 
chloric acid. Alkali hydroxide precipitates white stannous hydrox- 
ide^ soluble in an excess of alkali hydroxide and also in acids. This 
indicates that stannous hydroxide dissociates in two ways (accord- 
ing to i 42) : 



and 



Sn(OH),^Sn" + 20H' 

Sn(OH)ji^SnO/' + 2H' 
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The alkaline solutions of '' sianniies^' are rather unstable. When 
heated they form '^ slamiakSt*^ separating tin simultaneously: 

2SnO/' + H,0 = SnO/' + 20H'+Sn (2). 

Stannous hydroxide is considerably less soluble in ammonia than 
in alkali hydroxide * in accordance with the weaker basic properties 
of ammonia (§ 49). 

Hydrogen sulphide precipitates broum siannons suiphidi\ which 
dissolves in acids more readily than the other sulphides of this group. 
Yellow ammonium stdphide dissolves it much more abundantly than 
ordinary colorless ammonium sulphide, because the ion SnS/' is 
formed more easily than the ion SnS/'. The general equation for 
this reaction is expressed as follows: 

SnS + S^^^S/' = SnS,"+ S^./' (3), 

From this solution acids precipitate the yellow dmdphide: 

SnS/' + aH" - SnS,+ H ^S (4), 

48* Stannic compounds^ In accordance with a general rule 
quadrivalent tin has but a slight tendency to form cations. This 
lis shown by the fact that the different quadrivalent tin salts do not 
exhibit the same analogy in their properties as do ihe salts of other 
metals. 

The fact that a solution of stannic chloride forms a yellow precipi- 
tate of stannic sulphide with hydrogen sulphide indicates that the 
ion Sn" exists in this solution. Stannic chloride is easily prepared 
by adding bromine water drop by drop to stannous chloride solution 
until the yellow color of the bromine solution remains permanently: 

SD' + 2Br^Sn"" + 2Br'. 

Solutions of stannic halides are decomposed by w^ater and separate 
stannic hydroxide, especially when warmed or on addition of certain 
salts, as sodium sulphate or ammonium nitrate (consult J 77; also 
Principles! p, 723-23). 

The acid character of stannic hydroxide is developed to a greater 
extent than the basic. Hence it is frequently called stannic acid. 
This compound is of special interest, because it exists in two (and 
probably more) states which are mutually transformable* The one 
modification is soluble in hydrochloric, nitric and sulphuric acid and 
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in alkali hydroxide. It is prepared by precipitating stannic chloride 
solution with hydmxyl ion. The precipitation is hindered by tar- 
taric acid. 

The other modification! metasiannic acM^ has exactly the same 
composition. It is formed by the action of concentrated nitric acid 
upon tin. This form is soluble in alkalies, in«;o!uble in dilute acids. 
insoluble in tartaric acid. Concentrated hydrochloric acid changes 
it into the tetrachloride which dissolves Ln water, but is not soluble 
in hydrochloric acid. 

Stannic and stannous ions may be distinguished by the different 
colors of stannic and stannous sulphides, also by means of reactions 
{5) and (6) of § 21 and by reaction (6) of 5 42. 

In dry mixture with sodium carbonate tin compmmds yield in the 
reducing flame on charcoal white mnllmble metallic grains and a 
white sublimation. Tin compounds are not easily reduced in this 
way. Hence in case only this dry test is used for the detection of 
tin, some potassium cyanide should be added to the carbonate rak- 
ture and the operation is then carried out under the hood. Potas- 
sium cyanide is thereby oxidized to potassium cyanate, KCNO, 

The reduction is also easily effected with the aid of sodium or 
magnesium (consult 5 172 on the Hempel method of reduction). 

4g« The relation of certain exceptioDS to tbe difference in the dissociation 
of the substances in question. In a number of erases where substances wilh 
a common ion have been compared, for example, mercuric chloride and -nitrate 
(I 34)1 acetic, hydrochloric and nitric adds (|| 28 and 38), ammonia and 
alkali hydroxide (| 47), differences in behavior have been noted which are 
apparently contrary to the earlier statements (S§ 8 and 9) relating to the 
{Agreement in the properties of electrolytes with a common ion. Although the 
variance has already been explained in individual ca^es, nevertheless it is 
expedient to consider somewhat more closely the reasons for these relations. 
Exact investigation shows that these ejcceptions result only from an incam- 
plete {qualitative) for mutation of the dissociation relations of the salts in 
question. 

Dissociation is classed amongst the reversible reactions, for which criteria 
are cited in 5 37» Thus, for example, the reaction 

NaCl^Na+Cl', 

which takes place on dissolving sodium chloride, proceeds practically to an 
end in the one sense —* only under certain conditions^ which will be dealt 
with later (§ 88). Provided these definite conditions do not exist, the sys- 
tem reaches a stable condition, i. c. the reaction does not proceed any farther 
if undissociated salt is still present ahftg with Uie dissociation products. 
Equilibrium then exists andtk? change will take place in one direction or the 
Other unless outside influences are brought to bear upon the system* The 
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entire amount of a substance present in unit volume of the solution, its total 
concentration^ thus consists of two parts, the concentration of the undisso- 
ciated portion and that of the ions. In the case of substances with a common 
ion, for instance, different salts of a metal or different acids, although their 
solutions may have the same total concentration, nevertheless that of the 
dissociated parts* may vary a good deal from one salt or acid to the next. 
These differences will not affect very delicate reactions that are characteristic 
of the ion in question, but they will influence less delicate reactions. For 
example, hydrogen sulphide precipitates solutions of mercuric chloride and 
mercuric nitrate. On the other hand mercuric sulphocyanate is precipitated 
only from solutions of the nitrate, and not from those of the chloride. The 
concentration of Hg**-ions in a solution of mercuric chloride of the same total 
concentration as that of a mercuric nitrate solution, is too small to yield a 
precipitate with CNS' (see § 34), while it is sufficient to form so much mer- 
curic sulphide with hydrogen sulphide that a precipitate results. This is due 
to the fact that only a very small quantity of Hg"-ion is needed to give a 
perceptible reaction with S"-ion. Hence the difference in the dissociation of 
mercuric chloride and mercuric nitrate does not interfere with this latter 
test. 

Still more striking differences are observed in the behavior of mercuric 
cyanide solution. The solution is precipitated by hydrogen sulphide and re- 
acts with stannous ion (§ 21), but does not give any of the other tests men- 
tioned in § 33, 

The neutral salts have very similar dissociation relations. Hence it is easy 
to bear in mind the comparatively small number of exceptional cases. More- 
over other regularities hold with respect to them. These cannot, however, be 
taken up here. Soluble cyanides of the heavy metals are often dissociated to 
an extremely small degree. The chloride, bromide and iodide of mercury, 
cadmium and zinc are also less dissociated than other salts. 

According to their relative dissociation acids^ and bases are distinguished 
as strong, moderately strong and weak. Thus hydrochloric, nitric and sul- 
phuric acids are strong, acetic acid is moderately strong, potassium- and sodium 
hydroxides are strong bases, ammonia is moderately strong, etc. In dealing 
with the corresponding cations of the bases and the anions of the acids, 
these relations will be taken up in more detail. 

50. Dissociation and ions of water. Although it is one of the least disso- 
ciated substances, water is dissociated into ions, however, to a certain extent : 
H^OjztH'-l-OH'. Now hydrogen ion has been recognized as the ion com- 
mon to acids, while hydroxyl ion plays the same role with the bases (§8). 
Since pure water does not alter the color of red or blue litmus paper, the 
assumption that equal amounts of hydrogen- and hydroxyl ions are present 
in water is obvious. The exact quantitative basis for this assumption has 
been attained by physical methods. Application of the law of mass action to 
the dissociation of water leads to the result that for all aqueous solutions the 

* Physical methods are used for the exact determination of the concentrations 
of the ions. Chemical phenomena may be utilized only for qualitatively judging 
these relations. 

^Compare Ostwald, Scientific Foundations of Analytical Chemistr>% transla- 
tion by McGowan, p. 55. 
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product of the coticefit ration of hydrogen- and hydroxy 1 ions is constant 
within rather wide limits. The value of the product is extremely smaUJ 
This agrees fully with experimental results. 

Thus acid solutions always contain hydroxyl ion^ and alkaline solutions 
contain hydrogen ion, although in very small amounts. If Ch' and Coh' rep* 
resent the concentrationis of hydrogen- and hydroxyl ions respectively, then 
for all aqueous solutions the relation 

Ch* X Coh' — constant 

holds. In the case of acid solutions Ch^ >Com'; for bases Coh' >Cli\ while 
for water alone and for neutral solutions CH■ = CoH^ 

The fact that acids and bases lo^ their typical pfQpttties when they are 
mixed in a solution is explained on the basis of the above considerations. 
Their respective hydrogen and hydroxyl ions react to form water, H' + 
OH'^=^HjrO, and disappear from the solution until the equihbrium condi- 
tion is satisfied, i. e. until the product of the H'- and OH'-ions remaining in 
the solution has become a very small value (see i 71). 

It is sometimes an advantage to express in the equation for a reaction the 
flkct that a certain substance is but little dissociated in comparison with the 
other substances present. For this we will make use of the recommendation 
of Walker by writing the formulae of these compounds in the ordinary way, 
indicating in the formula the dissociation products as usuaL For example, 
water is formulated H OH'; acetic acid is represented by C^H^O^'H*, mer- 
curic cyanide by Hg"(CN),", etc. 

GROUP IIL 

51, Ammonia is the third group precipitant. All hydrogen sul- 
phide contained in the filtrate from the second group must be ex- 
pelled, however, by boiling the solution, before ammonia \^ added. 
To show that the removal of hydrogen sulphide is complete, lead 
acetate paper, made by dipping filter paper in lead acetate solution » 
is held in the escaping vapors. With hydrogen sulphide this gives 
a brown stain due to the formation of lead sulphide. A few drops 
of the solution, freed from hydrogen sulphide, are tested for fer- 
rous ion with freshly prepared potassium fcrricyanide solution, 
K3Fe(CN)o. This gives a dark blue precipitate with ferrous ion 
(J 148). In case the test indicates ferrous ion, the entire solution 
is then mixed with a few cc* of concentrated nitric acid and the mix- 
ture is heated for a few minutes, in order to transform ferrous into 
ferric ion (see S 54), 

Even if hydrogen sulphide had not been added^ i. e. when the 
preliminary test {§ 19} indicated the absence of second group met- 
als, the above test for ferrous ion is, nevertheless, carried out. 

'Compare Ostwald, Gnindriss der atlgcmtinen Cbeiriie. 4th edition, p. 449. 
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The removal of hydrogen sulphide and transform alion of ferrous 
into ferric ion are essential to the third group separation. From 
5-10 cc. ammmiium chloride solution and ammmim just sufficient to 
give the solution an alkaline reaction are next added* Warming the 
solution before adding ammonia favors the separation of a precipi- 

■ tate* The components of the well washed precipitate are identified 
according to § 55, while the filtrate is further tested according to 
§ 7a for the remaining groups. 
■ The use of an excess of ammonia to precipitate the third group 
components is generally recommended. Some hydroxides (consult 
5 63) are, however, only incompletely precipitated with an excess of 
ammonia. Hence it is further recommended in many cases to boil 
the solution in contact with the precipitate until no longer any am- 

■ monia vapors escape, Ammmiium salt solutions decompose when 
boiled; for example, NH,C1 = NH^+HC1 (see f 71)* and thus 
give rise to ammonia which escapes. The free acid that is simul- 

• taneously formed will dissolve a portion of the precipitate. If a 
large amount of ammonium salt is present, and in case the boiling is 
continued for some time, the precipiiute may fmally redissolve com- 
pletely. Hence to boil off the excess of ammonia is just as disad- 
vantageous as is the use of too targe an excess without boiling. It 
is therefore best to add no more than the requisite amount^ or at 

I least a very small excess of ammonia, at first. 
The precipitate may contain: 
A, Hydroxides of irmi, aluminum, chromium and manganese 
I (also cobalt); 

B> All salts which are dissolved by acids, the cations of which 
have not been precipitated by the first and second group 
reagents. The following are most frequently met with: 
aluminum'^ ferric^ and magnesium ammonium phosphate; 
also the fluorides, oxalaies and phosphates of the alkali 
earth metals, Ca, Sr» Ba: 

C, In case of rock or mineral analysis, silicic acid. This 
case is dealt with separately in jSS iSg-iQi : 

D. Occasionally sulphates of the alkali earth metals, particu- 
larly if hydrogen sulphide had been passed into the solu- 
tion containing ions of these metals. 

Precipitation of the substances included under D above rnay take place 
without addition of ammonia, and often does occur after the filtrate from the 
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second group has been heated with nitric add, since these substanoes are 
scarcely mote soluble in acids than in water* As a rule, however, the precipi* 
tate is not obsen^ed until ammonia has been added. In case it is noted in the 
filtrate from the second ^oup, it is filtered and tested for sulphates of the 
alkali earth metals according to § 183. 

When substances included under C and D are present, the third 
group precipitate is not completely soluble in dilute hydrochloric 
acid (6 55). 

The piecipilation of the hydroxides included under A is incom- 
plete in the presence of certain organic compounds (consult §§63, 
70, 116). In 5 IQ3 will be found a description of phenomena which 
indicate that this precipitation may be incomplete, and also the 
means of overcoming the difticulty. 

The conditions under which cobaU hydroxide precipitates in the third group 
are not yet thoroughly established, nor are the enact conditions known under 
which this may be prevented. Since cobalt belongs to the fourth group com- 
ponents, and hence is generally tested for only in the precipitate obtained with 
amntottiam sulphide, it sometimes happens that this metal escapes detection 
unless the third group precipitate is also tested for cobalt (compare | 56), 

53* Oxid&tion ttnd reduction. As has already been mentioned in | jQj by 
heating a salt with sodium carbonate on charcoal in the luminous fiaine 
reduction to the metal takes place. Conversely the formation of a metallic 
oxide from a metal constitutes oxidation. These terms oxidation and reduc- 
tion (§ 51) are also used for reactions in which no phenomena are observed 
similar to those characterizing the above cases. Hence it becomes expedient 
to study this question somewhat more closely with the object of detennimng 
why different reactions are classified under this one head* 

Originally reduction was restricted to the transformation of metallic oxides 
into the metals, while oxidation meant exactly the reverse reactions. The 
connection between oxidation and reduction will become clearer by considera- 
tion of a particular case, for example^ the reduction of cupric oxide with 
hydrogen. The equation 

CuO + Hj = HaO + Cu 
states that cupric oxide + hydrogen become copper + water under certain 
conditions. On applying the above definition it is at once evident that the 
on0 substance, cupric oxide, is reduced^ while the other , hydrogen, is oxidized. 
In every other case it is found that oxidation is always accompanied by reduc* 
turn, and vice versa. Hence to call a react ion an oxidation or reduction is 
not justifiable. The terms ure* however, always applicable to definite sub- 
stances which undergo oxidation or reduction in any given reaction, thus in 
the above case to hydrogen and cupric oxide respectively* In the case of 
several reactions which have been classed under these heads, viz. in | 38^ 
(3)» § 40^ (0 and i 45 J (i)» the above-mentioned characteristics of oxida- 
tion and reduction are not observed, for the reason that these terms are now 
used in a broader sense. Oxiiiation accordingly denotes changes by means 
of which a subs ta tire takes up oxygen or a non-metal, or gives up hydrogen. 
In the following pairs of substances the relation of the left hand member to 
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the right hand member is that of an oxidizable substance to an oxidized 
product: thus, CuaO— CuO; CuaS— CuS; H,AsO,— H,AsO,; HgCl— HgCl,; 
SnCl,— SnCl,: H,0— H,0,; HCl— CI; H,S— S; etc. 

The reverse changes are classified as reduction, viz. transformation of SnCl^ 
into SnCl,, etc. 

According to the above a substance is oxidized by combining with another 
substance which can give oxygen or some other non-metal up to it, or can 
remove hydrogen from it. Substances having this property are called oxi- 
dizing agents. Substances which produce the reverse changes, i.e. which take 
away oxygen or other non-metal, or give up hydrogen, are reducing agents. 
Hence hydrogen is a reducing agent towards cupric oxide, while the latter 
is an oxidizing agent with respect to hydrogen. According to their mutual 
relations in this regard, substances may be arranged in a single series in such 
a way that each member acts as a reducing agent towards each succeeding 
member and as an oxidizing agent towards every preceding member. Typical 
reducing agents, as sodium, iron, stannous chloride, hydrogen, arsenous acid, 
cuprous chloride, ferrous sulphate, sulphurous acid, etc., stand at the begin- 
ning of the series. At the other end are oxidizing agents, viz. ferric salts, 
nitric acid, chromic acid, oxygen, chlorine, permanganic acid. The order of 
the substances in this series, like that in the electric potential series,* is not 
fixed. It is found that the strength of an oxidizing or reducing agent in- 
creases or decreases with a decrease or increase respectively of its concentra- 
tion. Hence even for the more commonly occurring concentrations the mu- 
tual oxidizing or reducing relations of the members are only approximately 
indicated unless their concentrations are exactly defined. 

Evidently a given substance may be an oxidizing agent towards one sub- 
stance and a reducing agent towards another, as the following examples will 
show: 

Zn -f SnCl, = Sn + ZnCl, ( i ) , 

and aFeCTj-f SnCl, = 2FeCla-f SnCl, (2). 

In the first case stannous chloride is an oxidizing agent towards zinc which is 
oxidized (i. e. combines with chlorine), while in the latter case it is a reduc- 
ing agent towards ferric chloride. Hence it is not quite exact to call a sub- 
stance an oxidizing agent, except with reference to some other particular 
substance. 

53. The relation between oxidation and reduction and changes in the electric 
charges of ions. To show the role of the individual substances in the case 
of reactions in solutions, in which ions take part, the following rule is very 
serviceable. In the reactions just quoted, by abbreviating the equations so 
that only the essential changes are indicated (§ 14), i. e. by leaving out the 
anion, CI', the equations assume the following form : 

Zn-f Sn- = Sn + Zn" ' (ib), 

^d Sn"-l-2Fe**=»Sn'* + 2Fe" (2b). 

It is directly evident that the oxidizing agents, stannous- and ferric ion respec- 
tively, have lost positive electric charges, while the reducing agents, zinc and 
stannous ion, have gained positive charges. 

*The electric potential series constitutes a portion of this series. With metals 
the formation of cations is an oxidation, while transformation from the ionic con- 
dition to the metallic is a reduction (see 5 53). 
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The interpretation of different reactions in this way affords an excellent 
exercise to the student. Amongst other cases the reduction ol ferric salts by 
hydrogen sulphide (§69 (3) J should be undertaken. 

The separation of iodine from potassium iodide solution by means of chlo- 
rine water is easily recognized from the brown red color of the free iodine. 
Ordinarily the reaction is expressed by the equation : 

aKI+Cla-aKCl + I,, 

Taking into account the dissociation of the two salts, KCl and KI, it is evi- 
dent that the essential changes may be formulated as follows in this case: 

Cl + r-CT + I. 

From its position in the oxidation series chlorine is a stronger oxidizing 
agent than iodine, that is, it will oxidize substances which follow iodine in 
the series, but stand in front of chlorine. Hence in the case of an exchange 
of negative charges the oxidizing agent gains, the reditcing ageni loses. The 
following rule results from a combination of the two cases, Oxidait&n ccn* 
sists in an increase of positive charges or a decrease 0/ negative. Reduction 
consists in a decrease of positive charges or an increase of negative. 

54. The oxidation of ferrous ion to ferric ion with nitric acid. The oxida- 
tion of ferrous- to ferric ion by means of nitric acid is accompanied by a 
simultaneous reduction leading to the production of lower oxidation forms 
of nitrogen, as follows: 



and 



aFe(NO,), + 4HNO, = 2Fe(NO,),-l-3HaO + 2NO, (i). 

3Fe(NOj,+4HNO,»3Fe(NO,), + 2H,0-hNO (2), 



Apparently the above rule is not applicable to this case since the oxidising 
agent NO,', has a negative charge which is given up. Assuming, however, 
that nitric acid dissociates in several ways according to the conditions exist- 
ing in the solution, yielding nitrate ion, NOj\ nttro-ion^ NOj\ and nitroso- 
ion, NO", respectively, it becomes possible to apply the rule also to this case. 
The dissociation equations for nitric acid have then the following forms : 



Taking these into account the above equations (i) and (3) assume the 
forms; 

2Fe ■ -h 2NO,* -S- aOH' -I- 2H + 2 NO/ » aFe"' + 2HaO + 2 NO, + 3NO/ ( i b)* 




hno^no/+h; 

HNO^NO;+OH' 
HNO, -h H ,O^NO " + 3OH' 



(J)/ 
(4). 



jFe +NO-*+30H' + 3H'-H3NO/-3Fe +jH,0 + N0 + 3N0/ (2b), 



'Ostwald, Grundriss der allgemeinen Chemie, 4th edition^ p* 4S8. 

*For the sake of cleame^ the anion oC the ferrous salt has been omitted* 
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The oxidizing action of nitrates depends upon the presence of hydragen 
ian. By making the assumption that nitric acid dissociates in the above ways 
this dependence can be read from the equation. It is evident that dissocia- 
tion according to (3) or (4), upon which the oxidizing effect of the nitrate 
I ion depends, can take place to a considerable extent only when the concen- 
tration of hydroxyl ion is very slight. The more hydrogen ion in the solu- 
tion the greater will be this dissociation. Hence it is clear that nitrates will 
not have the same oxidizing action in neutral solution that they exsrt in 
.flicid solution. 



I 



• 



55. Separation of the hydroxides precipitated by ammonia. 

For the sake of simplicity it may be assumed that the substances 
mentioned m J 51 under 5, C and D are not presmL The precipi- 
tate is first washed and is then brought into solution by pouring 
warm dilute kydrocklark acid over it on the filter. To this solution 
alkali hydroxide is added, reprecipitating all of the hydroxides at 
first. When an excess of alkali hydroxide has been added, however^ 
the hydroxides of altiminum and chromium go into solution again, 
according to the equation : 



Al(OH}^+30H'-AIO/"4*3H,0 



(ih 



I 

r 



Only when a sufjicimt excess of alkali hydroxide is present does 
this latter reaction take place to such an extent thai all of the 
precipitated aluminum- and chromium hydroxides are dissolved* 
Enough must be added to make the solution feel soapy (Principles, 
p. 447). If a residue is left after this treatment it is filtered, and 
the filtrate or the alkali hydroxide solution, in case no residue was 
left, is then diluled with water and boiled for some .time. Chromium 
and aluminum are separated by this operation, since the ion CrO/" 
is decomposed by water to far greater extent than AlO^'": 



CrO,'" + 3H,ot^^Cr(OH),+ 30H' 



(2). 



Hence aluminum hydroxide remains in solution, while chromium 
hydroxide separates as a characteristic green precipitate. 

After removing chromium hydroxide the filtrate is tested for 
aluminum by adding ammonium chloride, either in solution or in the 
form of powder. This strongly alkaline solution is then boiled for 
some minutes. The ion AlOg'" yields a precipitate of aluminum hy- . ,d 
draxide under these conditions. (iijC s + IM^tfdL'p lltpH|l ' 

The precipitate, Al{OH)j, forms slowly* By warming the solu- 
tion, however, the precipitation is hastened and at the same time a 
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coagulation of the gelatinous mass is eflfected, which makes it more 
readily visible. 

The action of the ammonium salt consists in a reaction with alkali hydrox- 
ide by which hydroxyl ion is used up : 

IvV)-^-^^h;+oh'=h,o+nh, (3). 

It is evident that the separation of aluminum hydroxide is effected by this 
consumption of hydroxyl ion, since the solubility of aluminum hydroxide is 
due in the first place to the presence of an excess of hydroxyl ion. Any 
means of removing this excess will cause a reprecipitation of the hydroxide. 
Thus, for instance, the addition of any acid will also lead to the formation 
of a precipitate. 

To remove hydroxyl ion by neutralizing the solution with an acid (§ 59) 
might give rise to errors, however, since aluminum hydroxide is easily soluble 
in acids. The least excess of acid (see § 63) would cause the precipitate to 
vanish completely, and so the precipitation might be overlooked. 

As alkali hydroxide frequently contains aluminum a blank test 
must always be made by heating it with an ammonium salt. Only 
in case the alkali hydroxide gives no test for aluminum does the for- 
mation of a precipitate with ammonium chloride constitute a crite- 
rion of the presence of aluminum in the third group precipitate. 

[The following modification affords a very distinct identification of 
chromium and aluminum and in addition leaves the residue, insolu- 
ble in an excess of alkali hydroxide, in a condition which facilitates 
its filtration. In this case the third group precipitate is transferred 
to a beaker or casserole and an excess of alkali hydroxide together 
with hydrogen peroxide (about 15 cc. of a 2 per cent solution) are 
added (see § § 57 and 64) . The mixture is boiled until the evolution 
of gas ceases. Aluminum hydroxide goes into solution, as before, 
without any essential changes. Chromium, however, is found in the 
solution as the ion CrO/', due to an oxidation of CrOj'" in alkaline 
solution by hydrogen peroxide. Solutions of chromates have a 
characteristic yellow color. 

The residue insoluble in alkali hydroxide filters better when hydro- 
gen peroxide is used and a more complete separation of iron and 
chromium is effected. 

A yellow filtrate indicates chromium. It is divided into two parts. 
In one of these the presence of chromium is confirmed by any of the 
reactions characterizing the ions CrO/' or Cr207" (§ 119). The 
other portion is tested for aluminum with ammonium chloride or 
ammonium carbonate.] 



.^ 
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56. Testing the residue insoluble in alkali hydroxide for 
hydroxides of iron and manganese. The residue of hydroxides 
insoluble in alkali hydroxide may contain hydroxides of iron and man- 
ganese (§ 78). To test for manganese a small portion of the resi- 
due is fused on a platinum foil with a few grams of sodium carbo- 
nate and potassium nitrate. Under these conditions manganic hy- 
droxide (or manganese dioxide) yields an alkali manganate of a 
characteristic blue green color which is very readily perceptible. It 
is thus possible to detect very minute quantities of manganese com- 
pounds by this test. The fused mass dissolves in water and forms 
a green solution which turns red upon addition of a few drops of 
acetic acid, owing to the formation of permanganate: 

3Na,MnO,+ 3H jO = 2NaMnO,-h MnO(OH) ^-h 4NaOH. 

This equation shows that the acetic acid acts merely by neutralizing 
the alkali hydroxide formed and thus establishes the conditions for 
the transformation of the manganate into permanganate. 

To test for iron the rest of the precipitate is dissolved in hydro- 
chloric acid. On addition of potassium stdphocyanate a dark blood- . 
red color is a characteristic indication of iron. 

Another method consists in separating the iron as basic acetate. 
To effect this sodium carbonate is added to the hydrochloric acid 
solution until the precipitate that is formed about each drop of 
sodium carbonate as it is added, will remain permanently on shaking 
the solution. This precipitate is then dissolved in acetic acid or in 
a few drops of dilute hydrochloric acid, and a few cc. of sodium 
acetate solution are added. In the presence of ferric ion a dark red 
color results, owing to the formation of basic ferric acetate. A red Tt 
precipitate of basic acetate (compare § 69) is obtained on heating 
this solution. 

It must be borne in mind that the potassium sulphocyanate test for 
iron is extremely delicate. Chemically pure acids frequently give a 
weak iron test with it. Hence a red color on adding potassium sul- 
phocyanate to a given solution indicates iron only in case it is deeper 
than the color obtained in a parallel experiment made with the acid 
that has been used to prepare the solution (§ 55, also § 69). 

To detect cohalt hydroxide in the third group precipitate man- 
ganese and iron are first tested for as above given. Cobalt ion 
5 
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remains in solution after precipitating ferric ion as basic ferric ace- 
tate. On adding ammonium sulphide to the filtrate from the basic 
acetate precipitation a black precipitate indicates cobalt. In case a 
very small amount of cobalt is present the solution assumes a red- 
dish brown color. The precipitation of any iron that is present 
becomes practically complete if the acetate solution has been diluted 
with several times its own volume of water and is then boiled suffi- 
ciently long (several minutes). Hence, if cobalt is absent, ammo- 
nium sulphide does not color the filtrate under these conditions. 
The formation of the color is therefore a sufficient criterion of the 
presence of cobalt. Since cobalt is only partially precipitated in the 
third group, the precipitate obtained with ammonium sulphide after 
separating iron may be added to the fourth group precipitate. The 
whole is then tested according to § 73, Manganese does not inter- 
fere with the test for cobalt, as manganese ion yields a flesh-colored 
precipitate with ammonium sulphide. 

57. Incompleteness of the separation of iron- and chromium 
hydroxides. When the ammonia precipitate contains both iron- 
and chromium hydroxides, sodium hydroxide dissolves the latter (§ 55) 
only incompletely unless hydrogen peroxide has been added. On 
the other hand some ferric hydroxide always goes into solution with 
the chromium hydroxide and precipitates again with it on boiling the 
diluted alkaline solution. Therefore the precipitate of chromium 
hydroxide must always be tested for iron and the precipitate which 
is tested for iron and manganese according to § 56 must also be 
tested for chromium. 

To separate ferric- and chromium hydroxides the mixture of hy- 
droxides is fused in a crucible with sodium carbonate and potassium 
nitrate. This oxidizes chromium hydroxide to sodium chromate 
(§ 64) which is soluble in water, while ferric hydroxide remains 
unchanged. The iron is then tested for as above given. 

The hydroxides of chromium, iron and manganese are separated 
by means of sodium acetate (see § 57). The basic acetates of chro- 
mium (see § 64) and iron precipitate together. These are then 
separated by fusion as above given. Manganous ion is identified in 
the filtrate from the basic acetate separation by means of ammonia 
and ammonium sulphide, yielding flesh-colored manganous sulphide. 
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58. To test the third group precipitate for phosphates, oxa- 
lateSy etc. When the third group precipitate contains the different 
salts mentioned in § Si > 5, in addition to the hydroxides, it is first 
treated as described in § 55. The further treatment of the insoluble 
residue depends, however, upon the nature of the anions that are pres- 
ent. It is especially important to ascertain if it contains phosphates 
(a), or oxalates and fluorides (b), or mixtures of phosphates, oxalates 
and fluorides (c). 

In testing for phosphates a part of the precipitate is dissolved in 
nitric acid. To this solution several times its own volume of ammo- 
nium molybdate solution is then added. Phosphates yield a yellow 
precipitate of ammonium phospho-molybdate (§ 127) after standing 
for some time, more quickly on gently warming the solution. It is 
essential to this test that a sufficient quantity of nitric acid is pres- 
ent: too large an excess is, however, harmful. 

The other anions are tested for by boiling another portion of the 
precipitate with sodium carbonate solution for several minutes. 
The following reaction takes place, assuming that barium oxalate 
is present: 

BaC,0, + CO/^ = C30/^+ BaC03 . - 

Oxalates are decomposed and the oxalate ion is brought into solu- 
tion, while a corresponding amount of insoluble carbonate is formed 
simultaneously. The precipitated carbonate is filtered and the fil- 
trate , which contains the anions CO 3"^ and Cfi/' in the present case, 
is acidified with acetic acid. By this means the carbonate ion is 
decomposed: 

C03''+2H* = C02+H20. 

A soluble calcium salt (calcium chloride or -nitrate) is then added 
to the solution. With oxalate ion this yields a white precipitate. 
Hydrochloric or nitric acid must not be used in place of acetic acid 
because they would prevent the precipitation of calcium oxalate 
(§ 116). Fluorides behave like oxalates and are treated in exactly 
the same way. 

Oxalates smd fluorides do not affect the test for phosphates, and 
conversely phosphates have no influence upon the test for oxalates 
and fluorides. 

*From the excess of carbonate. 
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59. The decomposition of phosphates/ In case any of the sub- 
stances mentioned in § 58 are present in the third group precipitate 
the residue insoluble in sodium hydroxide (§ 55) is treated with sub- 
stances which will decompose the salts in question. In order to 
decompose phosphates (a) the residue is dissolved in concentrated 
nitric acid. This solution is then heated with tin foil. Tin reacts 
with nitric acid, evolving brown vapors of nitrogen peroxide and 
forming insoluble stannic acid: 

Sn + 4NO;-F40H^ = Sn(OH) ,+4NO,. (i). 

In case the nitric acid solution contains phosphate ion, this reacts 
with stannic acid, yielding insoluble stannic phosphate : 

3 Sn(OH) ,-f4H,PO,= i2H,0+ Sn3(PO,), (2). 

The presence of a sufficient amount of stannic acid thus ensures the 
complete precipitation of phosphate ion. To see if all phosphate ion 
has been removed, a small portion of the solution is filtered from the 
precipitate. In case this solution still yields a yellow precipitate with 
ammonium molybdate, more tin must be added to the original mix- 
ture and the boiling is continued until a further test with ammonium 
molybdate no longer gives any indication of phosphate. The pre- 
cipitate is then separated from the solution by filtration and is 
washed, first with dilute hydrochloric acid, afterwards with water. 
The wash water and filtrate are mixed. Since the filtrate may con- 
tain some stannic acid, it is evaporated on the water-bath to dry- 
ness, or at any rate until nearly dry. By this means the stannic acid 
is converted into the less soluble modification (§ 48). The residue 
from evaporation is next extracted with slightly acidulated water 
and any insoluble stannic acid is filtered. With this solution which 
now contains no phosphate ion the regular tests for the components 
of groups III,' IV and V, and also magnesium ion, are carried out. 

60. The decomposition of oxalates and fluorides (§ 58, b). In 

this case the residue from the treatment with alkali hydroxide is like- 
wise dissolved in nitric acid. Sodium carbonate is added to this 

^Consult also § 127 for the method utilizing Fe'". 

^Compare § 54 on the dissociation of nitric acid: 4X0.' -4OH'. 

* The solution must be tested for com]>oncnts of group III because it may con- 
tain ferric ion. Tin foil is sometimes contaminated with copper, which will also be 
found in the solution. It is best removed with hydrogen sulphi<le. 
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solution in small portions until the solution has an alkaline reaction. 
The excess of nitric acid at first decomposes a portion of the carbo- 
nate ion present (see § 58). Hence the solution must be heated to 
completely remove all carbon dioxide. The cations that were con- 
tained in the residue as oxalates and fluorides are then precipitated 
as difficultly soluble carbonates by the excess of CO 3". This pre- 
cipitate is filtered, washed and dissolved in hydrochloric or nitric 
acid: 

MC03-t-2H=M-+CO,-^H,0. 

By this means a solution is obtained which contains the same cat- 
ions that were present in the insoluble residue, but has no oxalate 
or fluoride ions. 

61 . The decomposition of phosphates, oxalates and fluorides 

(§ 58, c) depends upon a combination of the methods described in §§ 
59 and 60. Phosphate ion is first precipitated by means of tin. The 
cations which form difficultly soluble carbonates are then separated 
by the addition of sodium carbonate to the filtrate. Oxalate and 
fluoride ions remain in solution. 

[Phosphates, oxalates, etc., may also be tested for in the filtrate 
from the second group after hydrogen sulphide has been expelled. 
If detected they are destroyed as above given, and the regular analy- 
sis of the third and succeeding groups is then carried out. It must 
be noted that arsenic acid also yields a yellow precipitate (§ 133) 
with ammonium molybdate. No confusion will result, however, if 
the regular course of analysis is properly followed, since arsenic is 
precipitated as sulphide in the second group. Only in case arsenic 
has not been entirely removed in the second group can confusion 
result from this circumstance.] 

62. Theory of precipitating the salts dissolved in acids by means of ammo- 
nia. The dissolving of barium oxalate by hydrochloric acid, which will serve 
to exemplify this question, is represented by the equation: 

BaC,0, + 2H*5=iBa- -l-C aO/'H,".* 

By leaving a definite amount of hydrochloric acid of any suitable concentra- 
tion in contact with the solid oxalate for some time, and then filtering, a 

' Consult i so. The equation shows that oxalic acid results on dissolving the 
oxalate in an acid. It forms the ions CjO^" and sH'.but its dissociation is very slight 
in comparison with that of the acid used to dissolve the oxalate (HCl or 
HNO,). This must always be taken into account in the quantitative study of 
these relations. 
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saturated solution of oxalate is obtained. This solution has the property of 
yielding a precipitate of barium oxalate on addition of a little ammonia. Now 
in the saturated solution an equilibrium exists between the different substances 
taking part in the reaction. Hence, according to the law of mass action, the 
relation 

» Ch' *CBaC204 

holds. In estimating the effect of the added substances account must be taken 
of the purely physical change of concentration brought about by the increase 
of volume, as well as of the change due to ammonia. Assuming that the con- 
centration of each constituent is lowered to the nth part of its former 
value, it follows that a change must take place in the system in consequence 
of the dilution alone, irrespective of the action of ammonia, for 

Cfia" CcaH204 
n n ^ Cbe* •Cc2Ha04 ^, 

Ch' CfiaCaO* CH'CBaCa04 

n* n 

Hence the concentrations of barium ion and oxalic acid must decrease, those 
of barium oxalate and hydrogen ion must increase. On diluting a saturated 
solution of barium oxalate with water, however, the formation of a precipitate 
is not observed. Nevertheless this does not disprove the conclusion that the 
concentrations of the substances are altered in the sense of the formation of 
more barium oxalate, but it merely shows that this reaction does not take 
place to sufficient extent to effect a separation of the solid salt. For the 
exact treatment of these relations other conditions must be taken into account 
which cannot be considered here. 

By the addition of hydroxyl ion (ammonia) the concentration of the hydro- 
gen ion, Ch*, is decreased. Hence, in order that the system remain in equilib- 
rium the values of Ch' and CBac^o^ must increase at the expense of CBa" and 
CC2H2O4, and this leads to the precipitation of the solid salt as soon as its 
saturation concentration has been exceeded, in consequence of the increased 
formation of barium oxalate. 

Conversely the concentration of hydrogen ion is increased by adding hydro- 
chloric acid to the saturated solution in contact with solid oxalate, whence 

Cb«" •CC2H2O4 . , 

Ch' *CBaC204 

To reestablish the equilibrium in this case the concentrations of barium ion 
and oxalic acid must increase, those of hydrogen ion and barium oxalate must 
decrease. Since solid barium oxalate is present, equilibrium can exist in the 
system only when CsaCjO^ has a definite value corresponding with its satu- 
ration concentration (§ 30). Therefore solid oxalate must go into solution 
and the ultimate result of adding hydrochloric acid consists in a decrease of 
the amount of solid, which is readily perceptible. 

In similar cases analogous considerations hold for the other salts, e. g. 
fluorides, phosphates, etc. 
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Reactions of The Ions of The Third Group Components. 

63. Aluminum. Aluminum forms only trivalent cations in 
which, however, the cation characteristics are not at all pronoufued, 
as is evidenced by the hydrolysis (§ 71) of aluminum salts and by 
the amphoteric (§ 42) character of the hydroxide. ^ 

The test solution contains i /30 formula weight of alum, KAl(SO J 3. 
12H2O, or aluminum chloride per liter. The latter salt is easily pre- 
pared by dissolving aluminum in hydrochloric acid. 

Alkali hydroxides and ammonia precipitate aluminum hydroxide. 
Like arsenous acid (§ 42) it is soluble in acids and in an excess of 
alkali hydroxide. It is also noticeably soluble in an excess of am- 
monia, but to much less extent. From its alkaline solutions the 
hydroxide is precipitated by ammonium salts, according to § 55, and 
also by passing carbon dioxide into the solution. This action of 
carbon dioxide is due to the formation of carbonic acid (11^0 + 
C02=H2COj). While carbonic acid is extremely little dissociated, 
nevertheless its solutions contain enough hydrogen ion to effect a 
decrease of the concentration of hydroxyl ion in consequence of the 
reaction H' + 0H' = H20. Hence they give rise to the condition 
under which the reaction : 

A10- + 3H2^A1(0H)3+30H' (i), 

will proceed in the direction — . 

Aluminum ion also yields a precipitate of hydroxide with alkali 
carbonate solution and with barium carbonate in suspension. These 
carbonate solutions contain hydroxyl ion in consequence of the reac- 
tion: 

2Na' + C03''+2H20<=^2Na +20H' + H2C03 (2). 

Hence they have the action of weak bases. 

Ammonium sulphide likewise precipitates aluminum hydroxide, 
since it contains OH' and moreover because aluminum sulphide is 
not stable in an aqueous solution. 

Towards alkali acetate the ions of aluminum and of trivalent iron 

'Thus aluminum hydroxide dissociates as follows: 

Al(0H),=Ar" + 30H', 
and 

Al(OH),t^ A10,'"-f3H'. 
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behave alike (§ 56). On adding alkali acetate to neutral solutions* 
of these ions no visible change is apparent at first. When the solu- 
tions are respectively boiled or warmed, however, separation of basic 
acetate takes place, for instance, Al(OH)jC2H,Oj. The reason for 
this difference in behavior at room temperature and at higher tem- 
peratures is by no means simple. The following reaction takes place 
on mixing a solution which contains aluminum ion with an alkali 
acetate solution : 

Ar- + 3C,H30/+2H,0;F±A1(0H)AH,0,+ 2C^,0, (3). 

This reaction proceeds extremely slowly at ordinary temperature. 
Hence a precipitate will form only on long standing. By increasing 
the temperature the velocity of the reaction is increased and the equi- 
librium is also shifted in the sense that more basic acetate forms at 
higher temperatures. In order to precipitate aluminum ion as com- 
pletely as possible from a solution by means of this reaction, the solu- 
tion must be diluted with several times its own volume of water 
before it is heated. 

Aluminum phosphate is soluble in alkali hydroxide. This is due 
to the fact that aluminum phosphate solution contains enough alu- 
minum ion to iorm the ion AIO3'" with hydroxyl ion, according to 
the equation: 

Al- +60H' = A103''' + 3H20 (4). 

This equation assumes the following form with aluminum phos- 
phate : 

AlPO,+ 60H'<=±A103''' + PO/''-h3H30 (5). 

Solid aluminum compounds yield difficultly fusible aluminum 
oxide. when heated with sodium carbonate on charcoal. If this is 
moistened with cobalt nitrate solution and is then strongly heated, a 
blue infusible mass, Thenard's blue, results. 

With many organic anions aluminum ion forms complex ions. 
Hence in the presence of these organic anions aluminum ion is only 
incompletely precipitated by ammonia (compare § 53). The means 
of overcoming this difficulty will be found in § 193 on the method of 
procedure when organic compounds are present. 

64, Chromium. In its relations to other elements chromium 
shows greater diversity than aluminum. It forms blue chromaus 

*Acid solutions are neutralized with sodium carbonate according to § 56. 
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ion^ Cr", and violet chromic ion, Cr'", corresponding to chromous 
and chromic salts. The properties of the latter are of greater ana- 
lytical importance. Besides these chromium forms still other com- 
pounds in which it is trivalent, hexivalent and heptivalent. Chro- 
mium has no longer the character of a cation in solutions of these 
latter substances. It forms different anions with oxygen, viz. 
CrOj"' in which chromium is trivalent, CrO/' and CrjO/' in which 
it is hexivalent [and CrO/? in which it is heptivalent. The latter 
compounds, perchromatesi, are very unstable, existing only in acid 
solutions at low temperatures.] CrO/' and Cr^O/' are the most im- 
portant. Their properties will be taken up in detail in part II, in 
which anions are considered (§§ 119 and 120). 

Chromous ion is so unstable that it decomposes water by reducing 
hydrogen ion that is present in extremely small concentration, to 
hydrogen (see § 53), being itself oxidized to chromic ion: 

2Cf' + 2KOW = 2CT" + 20W + H, (i). 

With hydroxyl ion the solution of a chromous salt gives a precipi- 
tate of yellow chromous hydroxide, which quickly oxidizes in con- 
tact with air. 

A chromous salt solution may be prepared by reducing the corre- 
sponding chromic salt solution with zinc. 

When solutions which contain chromic ion are kept for any con- 
siderable length of time they exhibit striking changes of color, vary- 
ing from green to violet. These color changes are related to changes 
in the condition of the chromic salt (consult Principles, p. 603). 

To prepare the test solution chrome alum solution is precipitated 
with ammonia and the chromic hydroxide, after washing, is dis- 
solved in hydrochloric acid. In its beha\ior towards other sub- 
stances this solution of chromic ion is closely related to an aluminum 
salt solution. With respect to sodium acetate a difference is noted. 
A solution containing only chromic ion yields no precipitate. If, 
however, aluminum- or ferric ion is also present, basic chromic ace- 
tate is precipitated with basic aluminum- or ferric acetate. Under 
certain conditions, especially when a large quantity of chromic ion 
is present, the precipitation of basic aluminum- or ferric acetate may 
be incomplete. The phenomena call to mind what has been men- 
tioned in § 57 concerning chromic hydroxide. 
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To separate chromic ion from the closely related ions use is made 
of its ability to form ions of higher valence. This takes place, for 
example, on fusing the hydroxide with sodium carbonate and sodium 
nitrate (§ 57). Omitting certain complications the reaction may be 
formulated as follows: 

2Cr(OH)3-h2NajC03+3NaN03=^ 

2NajCrO,+ 2C02+3HjO + 3NaNO, (2). 

In solutions chromic ion may be transformed into chromate ion 
by means of hydrogen peroxide (compare § S5)> hr amine or lead 
peroxide. The reaction is represented by the getteral equations: 

CrO3-'+H,O+30^CrO/'+2H- (3a), 

or Cr03'" + H30^CrO/'+2H- + 30 (3b). 

These equations mean that a cation which reacts with the ion 
CrOg'" must give up three positive charges, while an anion or sub- 
stance that forms anions must take up three negative charges in 
order to oxidize the chromite ion, CrO,''', that exists in alkaline 
solutions, into chromate ion, CrO/'. Bromine is a representative of 
the latter class, as is shown by the equation : 

Cr03''' + 3Br+H30 = CrO/' + 3Br' + 2H- (4). 

When heated with sodium carbonate on charcoal solid chromium 
compounds form a greett infusible oxide. 

65. Colored bead tests. In addition to the blowpipe tests (§ 39) 
colored bead tests arc very widely used for a rapid determination of 
the components of a given mixture. The beads are formed of mol- 
ten sodium metaphosphate or sodium borate, which are fused in a 
loop of platinum wire. They are prepared by heating the platinum 
loop and then dipping it in phosphor salt (sodium ammonium hy- 
drophosphate) or in borax until enough salt is collected to form a 
drop filling out the loop when fused. The salts are then heated in 
a small flame, Phosphor salt, NaNH^HPO^, loses water and am- 
monia, yielding sodium metaphosphate, NaPOgj borax loses its 
water of crystallization under these conditions. Sodium metaphos- 
phate and anhydrous borax have the property of dissolving different 
salts, assuming colors which are characteristic of the metallic com- 
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ponents dissolved. These colors vary also for the different oxida- 
tion forms of a metal. Hence by using the reducing and oxidizing 
blowpipe flames to heat the beads distinctions are obtained which 
lead to the detection of the metals (compare § 173). 

To dissolve the salts the heated bead is brought in contact with a 
little of the solid material. On further heating the salt becomes uni- 
formly distributed through the bead. 

66. Double salts. Aluminum and chromic salts have the property of enter- 
ing into combination with other salts in simple stochiometric proportions. 
The resulting compounds are called double salts. To this class belong, in 
particular, the alums, which have the general formula Mi Mm (SO^),. 12H2O. 
Their composition is quite simple, although many diflferent metallic com- 
ponents may be present. In the formula Mi stands for a univalent metal, 
Mm for a trivalent. Now another class of salts besides double salts are 
built up of simpler components united in simple stochiometric proportions. 
They are called complex salts because they yield complex ions, for instance, 
KAg(CN)2 (§13). A knowledge of the general properties of the two grouj)s 
of salts is therefore very important. 

In double salts the solid components are united in simple stochiometric 
proportions and .the properties of their solutions are made up of tlte sum of 
the properties of the simple ions into which the components characteristically 
dissociate. Thus ammonium chrome alum solutions exhibit the properties of 
the ions NH^*, Cr"* and SO/'. Complex salts, however, are characterized by 
the variations they show with respect to this last point. Their solutions have 
as a rule other properties than would he expected from their composition. 
Nevertheless they always show, to a very slight extent at least, the properties 
of the simple ionic components (compare § 13). 

It should also be noted that the conception of a double salt brings to mind 
characteristics with respect to the composition in the solid state, while in 
complex salts certain properties exhibited by their solutions are emphasized 
(Principles, p. 534). 

67. Iron. Like chromium iron also forms bivalent and trivalent, 
ferrous 2Lnd ferric ions. Since ferrous ion is much more stable than 
chr5mous ion, its properties will be considered in more detail. 
While ferrate ion, corresponding to chromate ion, is not wholly un- 
known, still it has very little analytical importance and so needs only 
this brief reference. With cyanogen iron forms complex ions of 
very pronounced anion character. These will be dealt with in detail 
in §§ 147 and 148. 

68. Ferrous ion. A solution entirely free from ferric ion is an 
impossibility. By dissolving pure metallic iron in dilute hydro- 
chloric or sulphuric acid a solution is obtained which contains mini- 
mal amounts of ferric ion. Owing to impurities always present in 
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commerical irons the gas which is evolved in this reaction is com- 
posed of hydrogen and various hydrogen compounds (hydrocarbons, 
etc.). Ferrous ion is almost colorless and the above solutions will 
have a pale green color. Stock solutions of ferrous ion usually have 
a darker color, due to the presence of ferric ion which is formed 
from ferrous ion in neutral solutions by the action of air. Hence the 
properties of such stock solutions will vary more or less from those 
of ferrous ion. They are therefore not suited for the following 
tests. 

Alkali hydroxide gives a white precipitate of ferrous hydroxide, 
which quickly changes color and passes into ferric hydroxide in con- 
tact with air: 

2Fe(OH),+ HjO + = 2Fe(OH)3 (i). 

Ammonia also precipitates the hydroxide, but the precipitation is 
always incomplete. This is due to the formation of ammonium salts, 
which may prevent the precipitation entirely in the case of the hy- 
droxides of cobalt, nickel, manganese, zinc and magnesium (see 
§ 78). 

Alkali carbonates yield a white precipitate of ferrous carbonate. 
The precipitate dissolves on passing carbon dioxide into the solution: 

FeC03 + CO,+H,0<^Fe"-f2HC03^ {2). 

A separation of ferric hydroxide takes place when air comes in con- 
tact with the solution. 

Hydrogen sulphide forms no precipitate in an acid solution of 
ferrous ion. With a neutral solution it may yield an incomplete 
precipitation of black ferrous sulphide, which will vanish on addition 
of acetic acid. This difference in the behavior of ferrous sulphide, 
as compared with that of the sulphides already mentioned in § 28, 
is due to the fact that the solution of ferrous sulphide contains 
enough sulphide ion to form a considerable amount of hydrogen sul- 
phide with the hydrogen ion from acetic acid : 

2H'-fFeS^H3S + Fe- (3). 

Thus conditions favoring the dissolving of more ferrous sulphide 
result. 

On passing hydrogen sulphide into neutral ferrous solutions a 
transformation does take place, however, in the sense *— , i. e. a pre- 
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cipitate forms. This shows that the dissolving of ferrous sulphide 
does not occur beyond a certain lower limit in the concentration of 
hydrogen ion. By adding sodium acetate the precipitation becomes 
more complete. According to equation (i), § 38, the addition of 
sodium acetate decreases the concentration of hydrogen ion (see also 
§ 98). Hence the transformation — can take place to greater ex- 
tent under these conditions. 

With alkali cyanide ferrous ion gives a red precipitate of ferrous 
cyanide (4), which dissolves in an excess of alkali cyanide (5) to 
form yellow ferrocyanide ion (§ 147) : 

Fe" + 2CN^= Fe(CN)3 (4), 

and Fe(CN),+4CN'=Fe(CN)/'" (5). 

Occasionally a precipitation of basic salts accompanies the above-mentioned 
change of color which ferrous salt solutions undergo in contact with air. By 
adding an acid the ferrous salt solution becomes more stable. The equation : 

2Fe--l-5HjO-l-0 = 2Fe(OH), + 4H* (6) 

offers a possible explanation for the fact that the presence of hydrogen ion 
tends to prevent the formation of ferric compounds in solutions of ferrous 
ion, for one of the products of the reaction has been initially added to the 
system and hence the reaction leading to the formation of this substance is 
retarded. It is worthy of note in this connection that ferric ion is a stronger 
oxidizing agent in acid solutions than in neutral, i. e. it is less stable in acid 
solutions. 

69. Ferric ion. The reddish color of ferric salt solutions is not 
characteristic of ferric ion, but is due to soluble ferric hydroxide 
resulting from hydrolysis (§ 71). Hence anything that lessens the 
hydrolysis will cause the color to fade. 

Assuming that hydrolysis^ takes place according to the equation: 

Fe- + 3HOH'^Fe(OH)3-f3H- (i), 

it is evident that an increase in the concentration of the hydrogen 
ion will lessen the hydrolysis. As a matter of fact acidifying a 
neutral ferric salt solution changes its color from red to yellow and 
sometimes even renders the solution colorless. The same color 
change, however, is not always produced by different acids. For 

'It would not introduce any essential change to assume that an ion containing 
hydroxyl, e. g. Fe(OH),* or Fe(OH)'*, is formed and that this has a characteristic 
red .color. 
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example, hydrochloric acid gives a yellowish red solution, the color 
being due to undissociated ferric chloride. Analogous cases occur 
with other acids. 

An increase of hydrolysis is effected by heating the solution and 
a deeper color results. 

Heating ferrous ion with nitric acid transforms it into ferric ion 
{compare § 51). 

Alkali hydroxide and ammonia precipitate reddish brown ferric 
hydroxide, Fe(OH)3. According to Haber ferric hydroxide is solu- 
ble in alkali hydroxide, but to so slight an extent, as compared with 
aluminum- and chromium hydroxides, that the separation according 
to § 55 is practically complete. 

Alkali carbonate precipitates basic carbonate, which is decomposed 
by water — very quickly at higher temperatures — into ferric hydrox- 
ide and carbonic acid. 

Ferric ion is also precipitated as hydroxide by barium carbonate, 
which is used in form of a suspension on account of its insolubility. 

With sodium phosphate (NajHPO J ferric ion gives a white pre- 
cipitate oi ferric phosphate^ insoluble in acetic acid, soluble in stronger 
acids, as hydrochloric or nitric. Ferric phosphate is very slightly 
soluble in water. Hence the saturated solution contains so little 
phosphate ion that the reaction : 

FePO,+3H'^Fe--fH,PO, (2), 

does not take place to a noticeable extent with acetic acid. The 
solvent action of hydrochloric acid (compare § 128) is due to the 
fact that a hydrochloric acid solution contains approximately 80 
times as much hydrogen ion per unit volume as an acetic acid solu- 
tion of equivalent concentration. 

Towards sodium acetate ferric ion behaves like aluminum ion 
(§ 63). In order to precipitate ferric ion completely by the basic 
acetate method, the solution must be diluted with water severed fold 
(10 cc. to 100 cc.) after the addition of sodium acetate, and it is then 
boiled for several minutes. Strong acids must be absent, since they 
prevent the complete precipitation of ferric ion owing to the fact that 
they dissolve basic ferric acetate. 

Potassium sulphocyanate gives a dark blood-red solution with fer- 
ric ion. The color is due to undissociated ferric sulphocyanate, as 
is shown by the fact that ether dissolves the colored component, 
yielding a red solution. 
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This conclusion is based upon the general experience that in solvents such 
as ether, and in vapors, ions are either not at all present or else only in ex- 
tremely minute quantities ^ and that, therefore, only the undissociated part is 
taken up by a solvent of this nature. 

Nevertheless ions are present in ferric sulphocyanate solutions to a notice- 
able degree. Many reagents which react with very small amounts of ferric- 
or sulphocyanate ion, and therefore afford delicate tests for them, will cause 
the red color of ferric sulphocyanate solutions to fade, or will prevent its 
formation. Ammonia, sodium acetate and sodium sulphate react with the 
ferric ion. In the latter case ferric sulphate forms, which is less dissociated 
than ferric sulphocyanate. Mercuric chloride also decolorizes the red solu- 
tion, because sulphocyanate ion and mercuric ion form slightly dissociated 
mercuric sulphocyanate : 

2CNS' + Hg- = Hg(CNS)2. 

Mercuric nitrate has the same effect as the chloride, but in this case a pre- 
cipitate of mercuric sulphocyanate forms (compare § 34). 

These points must be taken into consideration on testing for ferric ion. In 
case substances are present which hinder the test, they must be removed or 
else rendered inactive. Thus hydrochloric acid nullifies the eflfect of acetate, 
for the system HCl + NaC^HjOj goes more or less completely into NaCl-h 
CjH^O, and the latter contains much less acetate ion. This hmits the forma- 
tion of ferric acetate and the red color of ferric sulphocyanate will again 
appear. A large amount of hydrochloric acid, however, weakens the sulpho- 
cyanate test itself. 

Hydrogen sulphide reduces ferric ion to ferrous ion (§ 51): 

2Fe"*-hH2S = 2Fe" + S-h2H' (3). 

Ammonium sulphide yields a black precipitate composed of fer- 
rous sulphide and sulphur. Probably ferric sulphide forms at first 
and then decomposes rapidly \nX,o ferrous sulphide and sulphur: 

Fe2S3 = 2FeS-hS (4). 

Alkali cyanide gives a brown red precipitate of ferric cyanide ^ 
which dissolves in an excess of the precipitant to form the complex 
ferricyanide ion, Fe(CN)/" (§ 148). 

When heated in the reducing flame on charcoal, dry mixtures of 
iron salts with sodium yield metallic irony which is recognized 
by its magnetic properties. 

The colors imparted to phosphor salt and borax beads depend upon 
the amount of iron salt present. In the oxidizing jiame a yellow to 
brown bead is formed, the color becoming lighter as the bead cools. 
A greenish bead is formed in the reducing flame. 
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70. The complex ions of iron. Besides the complex cyanogen 
ions iron also forms complexes with the anions of many organic acids 
(compare aluminum, § 63). These organic complexes have strik- 
ingly variable properties. Their analytical detection will be consid- 
ered later (§ 193). 

Ferrous- and ferric oxalate, which may be prepared by adding 
alkali oxalate to ferrous and ferric solutions respectively, are soluble 
in an excess of alkali oxalate, owing to the formation of the com- 
plex ions FeCC^OJj" and FeCCjOJ/" (consult Principles, p. 582). 
The reactions are: 

FeC£^+C,0/'=Fe(C,0,)/' (5), 

and Fe,(C,0,), + 3C,0/^ = 2Fe(C,0,)3"^ (6). 

71. Hydrolysis. As has already been pointed out, a salt is ver)' 
often deconiposed by water (consult §§ 22, 37, 69), while in some 
instances no indications of such a decomposition are obtained. The 
question therefore arises: what connection has this phenomenon with 
the composition of the salt ? It is seen from the equations for the 
reactions above quoted that a hydroxyl compound and hydrogen ion 
are formed. 

The following example will show that an analogous phenomenon 
is met with in the case of another type of salt. A solution of pure^ 
potassium cyanide does not react like a neutral salt towards litmus 
(compare NaCl), but it has a distinct alkaline reaction, resembling 
that of dilute potassium hydroxide. 

It has been found that this is due to a reaction between potassium 
cyanide and water, according to the equation: 

K-fCN' + HOH';f^K+OH' + HCX' (i).= 

Although the salts KCl, KXO3, NaCl, BaClj have a composition 
analogous to that of KCN, nevertheless their aqueous solutions react 
neutral to litmus. The striking difference between potassium chlo- 
ride and potassium cyanide, for exami)le, is closely related to the 

nn this case particular stress is laid on the purity of the salt, to make sure that 
the observetl alkaline reaction is not due to an impurity. 

2 Compare i 50 for the significance of the formulae H'CN' and XH/OH'. In order 
to indicate the preponderance of hydrogen ion, i. e. aci.l reaction, the dis- 
sociation of ammonium hydroxide has been assumed to be negligible in the 
latter case. 
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properties of the acids, hydrochloric and hydrocyanic. The specific 
acid properties of the latter (§ 146) are much weaker than those of 
hydrochloric acid, which indicates that hydrocyanic acid is much less 
dissociated than hydrochloric acid. In fact it belongs to the class 
of weak acids (§ 49). Therefore when cyanide ions are produced 
by dissolving a cyanide, there is a tendency to form undissociated 
hydrocyanic acid. • This results from a reaction with water, as indi- 
cated by equation (i). 

On the other hand a solution of ammonium chloride, not too dilute, 
will color blue litmus red, in consequence of the reaction : 

nh; + ci'+ h'oh'^nh;oh'+ H' + ci' (2). 

On comparing the salts KCl and NH^Cl it is seen that the hy- 
droxyl compounds formed by their cations, KOH and NH^OH, are 
bases of very different strength, ammonium hydroxide being the 
weaker. 

The study of these cases leads to the conclusion that a salt is 
decomposed by water (hydrolyzed) , irrespective of its electrolytic 
dissociation, when the hy droxyl compound of the cation is a weak 
basCy or the hydrogen compound of the anion a weak acid. In the 
former case the solution has an acid reaction, in the latter an alka- 
line. 

Conversely the character of the hydrogen and hydroxyl com- 
pounds of the respective anions and cations may be estimated from 
the behavior of a given salt solution towards litmus. 

A special case is met with when the acid and base from which a 
salt is prepared by mixing equivalent quantities of each and evap- 
orating the solution, are both weak. Hydrolysis is very pronounced 
on dissolving such a salt, i. e. a greater fraction of the salt reacts 
with water, because both undissociated acid and undissociated base 
form from the ions of the salt 2Lnd water. Aluminum acetate affords 
an example of this special case. The reaction exerted by such 
a salt solution towards litmus will depend upon the relative strengths 
of the acid and base [and furthermore upon the concentration 
of the solution]. If the former is stronger than the latter, the 
salt solution will redden litmus paper, and in the contrary case 
it will tu^l red litmus blue. When the acid and base have the same 
strength, the solution reacts neutral, although it contains appreciable 
quantities of free acid and free base. 
6 
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Strictly speaking, *aU salts react in this way with water. For in- 
stance, potassium chloride solution contains the ions K\ CV, H\ 
0H^ the non-dissociated components KCl and H/_), and also finite. 
but extremely small, tiuantities of KOH and HCI which are formed 
by combination of the ions. Similar reactions hold lor the solu- 
tions of M^nadral salts. The solution of potassium chloride rep- 
resents the same condition that would result if ei^uivalent quantities 
of hydrochloric acid and potassium hydroxide are mixed. In this 
latter case hydrogen and hydroxyl ions combine to form water up to 
the limits of its dissociation (5 S^}^ 

That litmus does not detect the hydrogen and hydroxyl ions pres* 
ent is due to the very small amounts and also to the fact that hydro- 
chloric acid and potassium hydroxide are equally strong. 

The mixing of equivalent quantities of acid and base to prepare 
a salt is known as nattralization. The reaction is represented by the 
general equation: , 



I 



ir + A' + M-fOH'i=±H,0+M* + A' 



(3). 



Exact measurements ha%'e shown that the two methods of preparing 
a salt solution, i, e, by dissolving solid salt or by neutralization, give 
rise to the same condition. Hence it is evident from the variable 
behanor of different salt solutions towards Htmus that the reaction 
of neutralization is only more or less complete in diflerent cases. 
With salts of the type of alkali chlorides or -nitrates the reaction 
(3) — ^ is practically complete. It is least complete in cases where 
both the acid, FIA, and the base, MOH* are weak electrolytes. Be- 
tween these extremes lie the cases where either acid or base is weak. 
In this sense hydrolysis is the inverse of nei^tra ligation, 

GROUP IV, 

72. The fourth group reagent is ammonium sulphide, which 
precipitates the ions of cobalt ^ nkkel, manganese and zinc~ The pre- 
cipitation of these ions with ammonia in the third group is prevented 
by the addition of ammmuum salts. Manganese and cobalt, how- 
ever, are not always entirely retained in solution by this means and 
hence may sometimes be found in the third group precipitate* Am- 
monia precipitates manganese in the presence of ammonium salts 
owing to the formation of manganic hydroxide through the action 
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of atmospheric oxygen on manganous hydroxide. The latter is con- 
tained in the ammoniacal solution when manganese is present: 

2Mn(OH),-hO-l-H30 = 2Mn(OH)3 . 

Since this reaction takes place slowly the ammoniacal ^//ra/^/r(?w 
the third group will often yield a brown precipitate on standing. 
This may be analyzed with the third group precipitate or may be 
dissolved in warm hydrochloric acid and added to the filtrate from 
the third group. In the majority of cases, however, manganese and 
cobalt ions are precipitated almost entirely in the fourth group. 
Still, to avoid the possibility of error, it is ad\isable to test for them 
in the third group precipitate (compare § 56). 

73. Precipitation with ammonium sulphide. A preliminary 
test for the ions of this group should always be made with a small 
portion of XhQ filtrate from the third group. In case no fourth group 
constituents are found, a good deal of time will be saved, owing to 
the necessity of removing ammonium sulphide before testing for the 
remaining groups. Zinc sulphide is frequently missed^ particularly 
in the absence of the other ions of this group, for it often precipitates 
in the form of a film which is not easily seen. The precipitate 
coagulates when heated, however, and then it is more readily 
perceptible. 

Zinc ion may also be precipitated in the second group if the solu- 
tion into which hydrogen sulphide is passed has been only slightly 
acidulated. In this case the nitric acid solution of the sulphides 
(§ 22) is treated with ammonium sulphide after lead ion has been 
removed by dilute sulphuric acid. The precipitate so obtained is 
washed, dissolved in dilute hydrochloric acid and tested with sodium 
hydroxide and hydrogen sulphide according to § 75. 

On filtering the precipitate of this group it is occasionally ob- 
served that the filtrate and also the hydrogen sulphide solution used 
for washing run through brown. This always indicates the pres- 
ence of nickel sulphide in the precipitate. To overcome the difficulty 
some acetic acid is added to the brown solution. It forms ammo- 
nium acetate. Care must be taken not to add an excess of acid 
(the solution must still react alkaline). Coagulation takes place 
after a few minutes' warmipg and the solution may then be filtered 
without any further difficulty (through, the same filter). The diffi- 
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culty can be avoided in a still more effective manner if freshly pre- 
pared ammonium sulphide is used, or belter, if hydrogen sulphide is 
passed into the warm ammoniacal filtrate from the third group. 
Hydrogen sulphide soiuiian is used for washing. 

74* Theory of the precipitation of the fotirth group loos by mmmoniimi £ul* 
phide* The fourth group ions do not precipitate in the second group owing 
to the greater solubility of their sulphides and also to the limited amouiit of 
sulphide ion that is present in the solution. The limitation is due to the slight 
solubility of hydrogen sulphide on the one hand, and on the other hand to 
the action of the free acid always present CS 89)^ It is customary to sub* 
divide the metals into two groups^ the ions of which are precipitated respec- 
tively by hydrogen sulphide and by ammonium sulphide. The subdivision is 
specially conditioned by the concentration of sulphide ions which can exist in 
an acid solution of hydrogtn sulphide^ saturated under atmospheric pressure. 
Since the concentration of sulphide ions varies with the total concentration of 
hydrogen sulphide, and the latter varies in its turn with the gas pressure 
according to Henry's law,* it follows that a change of pressure will alter the 
grouping of the metallic sulphides, other conditions remaining the same* 
Thus zinc sulphide would precipitate from an acid solution in the second 
group by increasing the concentration of hydrogen sulphide, and therefore 
that of the sulphide ion. Conversely by passing hydrogen sulphide into a 
solution under very low pressure its concentration is lessened and antimony 
and tin sulphides do not precipitate or are only incompletely precipitated 
under these conditions. 

Another means of altering the groups without changing the concentration 
of hydrogen sulphide consists in varying the cm^tntfatimt of hydrogen ion 
(see I 18). In this case the secondary decrease of the concentration of sul- 
phide ion (§30) adds its eflfect to that of the hydrogen ion. 

For practical reasons it is advisable to retain the customary grouping. 
Since the elTect of an increase of pressure is not very pronounced and the 
method presents manipulative difficulties, another means is employed to in- 
crease the concentration of sulphide ion. It takes advantage of the fact that 
salts, even of weak adds, are dissociated to a considerable extent, and there* 
fore ammonium sulphide is used* 

75. Separation of the sulphides. The precipitate is first treated 
on the filter with very dilute hydrochloric add (about one volume of 
reagent acid to ttn volumes of water). This dissolves zinc and 
manganous sulphides and leaves nickel and cobalt sulphides behind 
on the filter. Any dissolved hydrogen sulphide is expelled by heat- 

* According to Henry's law the saturation concentration of a gas in a liquid is pro- 
portional to the pre>^iire under whieh the gasi stands. Since the volume of a. ] 
given quantity of gas is inversely proportional to the pressure, and the quantity ( 
of gas filHog a given volume is directly proporticinal to the pressure^ the law c^ti 
be stated in another fornix vi^, the jsame volume of a given gas Will always J 
saturate equal amounts of a given liquid, independent of the pressure (compat«| 
Principles, p. ^1%)* 
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ing the hydrochloric acid solution, and then an excess of alkali hy- 
droxide is added. Manganous hydroxide separates as a white pre- 
cipitate, which rapidly goes over into brown manganic hydroocide in 
contact with air. White zinc hydroxide also separates at first, but 
the precipitate redissolves in the excess of alkali hydroxide. Hydro- 
gen sulphide gives a white precipitate of zinc stdphide with the alka- 
line filtrate^ in case zinc is present. The precipitate is not easily 
seen. 

ZnO/' + H2S = ZnS+20H'. 

Heating the solution in contact with the precipitate of zinc sul- 
phide effects a coagulation and thus renders the precipitate more 
readily visible.. Quite often a dark precipitate is observed. The 
color is generally due to ferrous sulphide that is present as an im- 
purity. Since ferrous sulphide is much more soluble in acetic acid 
than zinc sulphide, acetic acid is added until the dark color just dis- 
appears on shaking the solution. The white flocculent precipitate 
of zinc sulphide is then easily recognized. Inexperienced observers, 
however, frequently mistake the white milky precipitation of sulphur 
which results from acidifying ammonium sulphide solutions (com- 
pare § 24, (3)), for a precipitate of zinc sulphide. A little practice 
will enable the observer to distinguish with certainty the flocculent 
zinc sulphide from a milky sulphur precipitate. 

The bUick residue left after extracting the fourth group precipi- 
tate with dilute hydrochloric acid is dissolved in a hot mixture of 
hydrochloric and nitric acids. In order to remove most of the ex- 
cess of acid the solution is next evaporated nearly to dryness on the 
water-hath or over an Ostwald burner. The residue is then dis- 
solved in water and alkali carbonate is added drop by drop until the 
solution becomes permanently clouded. This removes any excess of 
strong acids remaining. Acetic acid is now added until the cloudy 
precipitate disappears and the solution has an acid reaction. Finally 
this liquid is mixed with its own volume of concentrated potassium 
nitrite solution. In case cobalt ion is present a yellow precipitate 
of potassium cobaltinitrite, KgCo(N02)g will form after a short time 
or at any rate a change of color will take place from reddish to 
yellowish (compare § 83). The complete precipitation takes a 
longer time and for this reason it is advisable to let the mixture 
stand over night. The filtrate should be again tested with potas- 
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Slum nitrite for cobalt, in order to ensure its complete removal. 
Then the test for nickel is carried out (see below). 

For detecting cobalt use may also be made of the beha\ior of 
coballous ion towards sulphocyanate ion (§83). 

After cobalt has been completely removed, alkali hydroxide h 
added to the filtrate. An apple green precipitale of nkkel&us hy- 
droxide forms if nkkrlaus ion was present. A hot solution favors 
the coagulation of the precipitate. In case the color leaves the 
presence of nickel in doubt, the precipitate is filtered and tested 
further in the phospihor salt bead for nickeU 

Instead of first remonng cobalt ion with potassium nitrite and 
then detecting nickel in the filtrate that is thus freed from cobalt, 
the solution containing cobalt and nickel may be tested with fKitas- 
slum cyanide » potassium hydroxide and bromine (§ 84). By this 
means cobaltous ion h transformed into a complex cobalticyanide 
ion which gives no distinctive reaction with alkali hydroxide and 
bromine, and moreover does not interfere with their reaction on 
nickelous cyanide ion, 

[Cobalt and nickel are distinguished simultaneously by the follow* 
ing 'persulphate' method* and moreover small amounts of each are 
readily detected. The method depends upon a di (Terence in the 
behavior of their ammoniacal solutions towards persulphates. To 
the solution of cobalt and nickel sulphides a little ammonium chlo- 
ride (2 cc), and a considerable excess of ammonia are added. The 
solution is diluted with water to at least 25 cc. and solid potassium 
persulphate, K^S/)^, added (0,3 g,)* The mixture is heated with 
constant stirring until the persulphate is all dissolved (note that 
potassium persul|>hate is only slightly soluble), and most of the 
ammonia expelled. If a precipitate forms at this point it is dissolved 
in hydrochloric acid and the above operation is repeated, omitting 
the addition of ammonium chloride. Under these conditions the 
nickel ammonia complex retains its blue color, but the cobalt 
complex changes color (to red or pink). Oxidation is ensured by 
adding more persulphate and boiling. Then the solution is cooled 
under the water tap and alkali hydroxide is added. A dark brown 
or black precipitate of nickelic hydroxide, NiCOH)^, forms slowly 
on shaking. It is filtered after standing for fifteen minutes. If 

'This meihud has been worked out by Dr. H. H. Willarti uf the University of 
MichigaUp 
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cobalt is present the filtrate will be pink or red. The amount of 
alkali hydroxide needed to precipitate nickel depends upon the quan- 
tity of ammonium chloride present. When the solution is warm 
cobaltic hydroxide also precipitates with alkali hydroxide, but none 
forms in a cold solution. 

According to Tschugaeff^ a-dimethylglyoximc affords an ex- 
tremely delicate test for nickel. The nickel solution is rendered 
alkaline with alkali hydroxide, ammonia or sodium acetate, and then 
some of the powdered dioxime is added. A red precipitate forms 
on boiling. Cobalt yields no precipitate.] 

76. Cobalt- and nickel sulphide. To separate these sulphides from those of 
manganese and zinc advantage is taken of their insolubiHty=* in dilute hydro- 
chloric acid. Comparing this phenomenon with the fact that hydrogen sul- 
phide does not precipitate cobalt and nickel sulphides from acidulated solu- 
tions, it becomes evident that the general equation : 

M--fH,S^MS + 2H-, 

does not satisfy the present case. For the non-precipitation from acid solu- 
tions would indicate solubility in acids, and their actual insolubility in dilute 
hydrochloric acid leads to the conclusion that they should be precipitated by 
hydrogen sulphide. The observed variance between the actual relations and 
the demands of the theory may be explained by assuming that precipitated 
nickel and cobalt sulphides have certain properties which other sulphides do 
not possess. Apparently these properties are due to a change which the solid 
sulphide undergoes. It may be of physical or chemical nature. As a conse- 
quence less soluble sulphides are formed from more soluble modifications. 
Our present knowledge of the properties of these sulphides is not extensive 
enough, however, to clear up these relations. The above-mentioned phenome- 
non that nickel sulphide occasionally does not separate in the solid form, even 
when the conditions are favorable to its precipitation, seems to support the 
assumption of a physical change which leads to the formation of larger par- 
ticles having a smaller total surface. 

77, Colloids. In a number of cases the artifice of heating certain precipi- 
tates (hydroxides or sulphides) has been employed to render them more 
readily visible. There are common reasons for doing this in the different 
cases. The solubility relations of these substances are influenced not only 
by temperature, but also by their state of subdivision to a considerable extent. 

»L. Tschugaeff, Ber. d. d. chem. Gesellschaft, 38, 2520, 1905. This method 
has been recently tested by Dr. H. H. Willard. Apparently it affords a quantitative 
precipitation of nickel. 

'As a matter of fact a certain amount is always dissolved, particularly on long 
standing in contact with hydrochloric acid. It is therefore always advisable to 
further test the precipitate obtained by adding an excess of alkali hydroxide to the 
hydrochloric acid solution, for manganese hydroxide by fusing it with sodiimi 
carbonate and potassium nitrate (§ 56), in order to avoid mistaking hydroxides of 
cobalt or nickel for manganese hydroxide. 
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Thus at a given tcmj^erature the soltibility varies with the fi-fienes® of the 
particles. The more finely divided they are, the greater will be their total 
surface and also the solubihty. Hence practical methods of separating such 
precipitates aim to giv^e them coarser particles. This is effected by kvaiing 
or by the addition of certain other substances. 

Concerning the action of the latter it is noted that chemical transforma* 
tioni5> which often produce a regular change in the solubihty of a substance^ 
for in St an ce^ of oxalates in acids (compare § 62), do not come into question, 
or more correctly speaking, very seldom come into question. In the majority 
of cases it has to do with effects peculiar to salts and adds, independent of 
thfeir chemical nature. As yet these are not satisfactorily explained. They 
apply to the separation and also to the dissolving of solids. According to 
recent investigations a distinct relation exists between the effects produced 
and the valence of the ions. Compare Ostwald, Scientific Foundations of 
Analytical Chemistry * Translation by McGowan* p. 2$. 

In washing such precipitates, for instance, arsenic trisulphide, the wash 
w^atcr Funs through perfectly clear, but as soon as it comes in contact with 
the filtrate, which contains salts, a cloudiness is produced. The salts precipi- 
tate the colloid dissolved in the water. Substances which undergo so con- 
siderable a change of condition in solutions through increase of temperature, 
and particularly by means of certain added substances, are called colloids. 
They form colloidal solutions. The means of overcoming their disturbing 
effects consists in adding salts to the water used for washing. In selecting 
salts to be added, those must be chosen which do not interfere in any way 
with the analysis^ Substances which are stable in the amorphous condition 
are especially liable to form colloidal solutions. Another particular charac- 
teristic of colloids is their inabihty to diffuse through animal membranes 
(consult Principles, p. 421), 

Crystalloids form a counterpart to colloids. They also show a relation 
between the solubiUty and the state of subdivision.* The striking influence 
of salts and acids upon the solubility is not oh served ^ however, apart from 
certain regular effects of another kind, which are mentioned later (| go). 




REACTIONS OF FOLTRTH GROUP IONS. 

78* Manganese shows still greater diversity than chromium in its 
Gombinin^ ratios. It exists in bi-, tri-, quadri-, hexi- and hep tiva lent 
forms (see § 167), For a beginm'r the knau^ltdge oj the proper ties of 
manganmis ion and its relations to the other oxidati&it forms is sufficient. 
The highest oxidalion forms comprise only oxygen anians, the lowest 
only elementary cations^ while the intermediary form exists as the 
quadrivalent cation* Mn"""\ and an oxygen anion (probably MnO/'). 
[From analogy an ion, MnO^/, derived from tri va lent manganese, 
would also be expected.] 

^\ very $trJlcmg example of the relations between the properties of a salt and 
its state of subdivision, has been mentioned by Ostwald, It has been shown in 
the ease of mercuric oxide that the yellow modification consists of smaller particles 
than the red- It is ;iko more readily soluble. Consult i 96* 
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The chloride (MnCl,.4HjO) or the sulphate (MnS0,.4H,0) is 
used for the test solutions which contain i /20 formula weight of the 
salt per liter. Manganous sulphate forms several hydrates, hence 
more water of crystallization may have to be taken into consideration 
in some cases. Solutions of manganous ion are pale pink. 

Alkali hydroxide precipitates white manganous hydroxidCy which 
quickly becomes brown by taking up oxygen from air. 

Ammonia gives only an incomplete precipitation of hydroxide 
because of the low concentration of hydroxyl ion in ammoniacal 
solutions (see § 49). The reaction: 

Mn* + 20H' = Mn(0H), (la), 

does not proceed far enough to leave only a very little manganous 
ion in the solution. The transformation is, moreover, limited in con- 
sequence of the resulting ammonium ion, the concentration of which 
may become very considerable in the solution: 

Mn' + 2NH;QH^=: Mn(OH), -h2NH,/ • • (ib). 

Since NH/ is a dissociation product of ammonia, according to: 

NH,+ H,0^NH; + 0H' (2), 

it lessens the dissociation (§ 89), and hence limits the formation of 
hydroxyl ion, which is necessary for further precipitation of man- 
ganous ion according to (la). Thus the incompleteness of the pre- 
cipitation is due not only to the original slight dissociation of the 
dissolved ammonia, but also to a secondary decrease of the latter 
through the increase in the concentration of ammonium ion. If this 
is very much increased by dissolving solid ammonium salt in the 
ammonia, no precipitate forms unless the solution has stood for some 
time in contact with air (§ 72). The addition of ammonium salts 
is thus essential to keep fourth group ions from precipitating in the 
third group. 

Alkali carbonate yields a white precipitate of manganous carbo- 
nate. 

Sodium phosphate and ammonium chloride produce a white pre- 
cipitate of manganous ammonium phosphate^ which passes over into 
pink scales on long heating. The precipitate is easily soluble in 
acids. Since hydrogen ion results from the reaction : 
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HPO/' + NH; + MnfiMnNH ,PO ,+ H' 



(3).' 



it must be neutralized for a complete separation. Ammonia best 
accomplishes this. 

Of the fourth group sulphides manganmis sulphide k most easily 
soluble and is even decomposed by acetic acid (^ 68, (3)). It is 
flesh colored, but on standing in contact with ammonium sulphide 
becomes ^een,^ 

A method %ery often used- to detect manganous ion (Volhard) 
consists in transforming it into permanganaie ion by heating the' 
manganous salt solution with lead peroxide and concefitratrd nitric 
acid. The color changes to a deep red or purple » and thus gives a 
sharp indication of the reaction: 



2MnSO,+ 5PbO,+ 6HNO,= 

2PbSO^H-3pb(NOJ,+ 2H,0 + 2HMnO, 



15). 



Small quantities of manganous ion may be detected by this test. It 
must be -borne in mind, however, that concentrated nitric acid and 
chloride ion (from any chlorides f>rescnt) react with fiermanganale 
ion and hence lessen the trustworthiness and delicacy of the test, 
[Furthermore commerica! lead peroxide is rarely free from manga- 
nese. Therefore a blank test must always be carried out with it- 
Red lead, PbgO^, is more likely to be free from manganese and serves 
etjually well because it reacts with nitric acid to form lead peroxide 

(MS)-] 

In dry mixture with sodium carbonate manganese compounds 
yield a gray metallic mas;^ in the reducing flame on charcoal. 

The borax and phosphor salt beads are viokt in the oxidizing 
flame and colorless in the reducing flame. 

79. The relations of manganous ion to the higher oxidation 
forms can merely be pointed out, because they are complicated owing 
to the large number of oxidation forms. 

^Ordinary sodium phosphate i* iHsodinm hydrogen phasphntt. NajHPOj, Ess^n- 
tiiilly' it dissociates according to the equation: 

NaiHPO^^aKa* + HPQ/' (4). 

The ion HPO/' dissociates but very Uttle into H'+PO/", Thus the above equation 
(3) ex^preises the essential dissociation (cQnipare ) 139). 

*For the relations between the dilTcnenl modification a of manganous sulphide 
see/. C. OisfH and H, S. Rafmijr, j. Amef, Chera. Sot\, id, 16*5, 1^04. 
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Neutral solutions of manganous ion arc unstable in contact with 
air. A brown precipitate separates and the solutions assume acid 
properties. Acid solutions are more stable. The following reac- 
tion affords a possible explanation of these relations: 

2Mn" + 0+5H,0 = 2 Mn(OH)3 -|-4H' (i). 

The stability of acidified solutions indicates that the reaction is reversible, v 
This assumption of a reversible reaction also explains the fact that oxidation 
by means of atmospheric oxygen occurs much more readily in the presence 
of alkali hydroxide. Neutrahzation of the hydroxide conditions the increased 
transformation in this case. 

In the presence of a substance which unites with hydrogen ion, 
e. g. alkali hydroxide, other oxidizing agents, as chlorine, bromine 
or hydrogen peroxide (§ 55) give rise to manganese dioxide. From 
this it is evident that the reaction follows an ec^uation similar to the 
above. 

The method given in § 56 for detecting manganese compounds 
leads to the formation of the highest oxidation products {hexivalent 
and heptivalent). Solutions of permanganates will remain un- 
changed for a considerable time. They undergo decomposition in 
the presence of many substances, both organic and inorganic, how- 
ever, since permanganate acts as an oxidizing agent towards most 
substances (see § 52). In fact it is a typical oxidizing agent. 

The decomposition of permanganate will vary according as the 
solution is acid or alkaline, Manganous ion forms in the presence 
of hydrogen iony while from alkaline solutions manganese dioxide 
separates. For the reduction of permanganate ioti in acid solution 
the general equations are: 

MnO/+8H' = Mn' + 4HjO + 5C) 

or MnO/+8H' + s(') = 4H20-hMn • (2a)> 

and 2MnO/+6H+2HjO = 2Mn+io(OH) (2b). 

In alkaline solution permanganate ion undergoes the following 
changes: 

MnO/+2H,0 = MnO,+4(OH)'-h30 

or MnO/+2H,O-h3(0 = MnOj-h4(OH)' (3a), 

and MnO/+H>H,0 = MnQ,-h3(OH) (3b). 
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Equations (2a) and (3a) state that one formula weight of MnO/ 
can oxidize five formula weights of a substance whuh takts up a 
positive electric charge or gives tip a negative, in an acid soluiian, 
while in alkalim solution three are oxidized. Equations (2^) and 
(36) show that one formula weight of MnO/ can give up ^t^e? for- 
mula weights of hydroxj'l in an acid solution, in alkaline solution 
ihree, to a substance which combines with hydroxy h 

8c. The formulatian of reactioos. It has already been pointed out in f 9 
that always the same number of positive or negative electric charges are 
gained or lost in a given reaction. Hence an exact equation (i. e* one cor* 
responding to the actual relations) must have as many positive as negative 
charges on each side, but not necessarily the same number of, say posiiiim 
charges^ on eitfwr side. 

The apparent discrepancy in the above equations is due to the fact that 
those ions which undergo no noticeable changes of concentration have been 
om titled. The complete formulation of a given reaction will at once show 
the truth of the above statement in all cases. 

An equation which takes this into account must always satisfy the condi- 
tion that the same excess of positive or negative charges is present on eatk 
side. Thus in equations (aa) there is an excess of seven and two positive 
charges respectively on the left side, i. e. 8H' — MnO^' and 8H''-MnO/ — 
5{') and on the right side also an excess of seven and two respectively, t, e. 
Mn" + 50 and Mn". These electric charges are by no means set free. 
They become available only when a substance is present which can take up 
positive or give up negative charges. 

For the sake of learning the application of these equations the student 
should practice fonnulating a number of oxidation reactions, for instance, of 
ferro\is- to ferric ion, oxalic acid to carbon dioxide and water, nitrite to 
nitrate, sulphite to sulphate, hydriodic acid to iodine, all in acid solution, and 
of ethyl alcohol (C3H,^0) to aldehyde (CaH^O) or acetic acid (C^HjO,) in 
alkaline solution. 

The oxidation of oxalic acid will be considered here by way of illustrating 
this exercise in the case of organic compounds, the relations of which are 
less clear than for the oxidation of ions* 

One formula weight of oxalic acid (CaH^OJ in its reaction with perman- 
ganate gives two formula weights of carbon dioxide and one formula weight 
of water. Since 

2CO, + HsO-CsH,0, = (4>, 

it follows that one formula weight of oxalic acid uses one combining weight 
of oxygen. Now one combining weight of oxygen corresponds to two for- 
mula weights of hydroxyl, according to the equation + H30"2(OH). 
Hence from (26) two formula weights MnO,' oxidize five formula weights 
of oxalic acid* Thus the equation follows : 

aMnO/ + 6H"+sCjHA=^2Mn' + 8HjO + iaCO^ (5). 

Zinc. In its combining ratios zinc is the antithesis of man- 




Its salts contain only a bivalent xinc ion» which is colorless. 
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For the tests i /20 formula weight of zinc sulphate, ZnSO^.yHjO, is 
dissolved to a liter of solution. Consult § 82 for the preparation 
of this salt. 

Alkali hydroxide and ammonia each precipitate zinc ion as zinc 
hydroxide, Zn(OH)j, soluble in an excess of either precipitant. 
Zinc hydroxide acts as an acid, hence it dissolves in alkali hydrox- 
ide. 

Zn(OH),4=^ZnO/'4-2H- (compare § 42, (i) ) (i).' 

The solubility in ammonia is due to the formation of zinc ammonia 
ion, Zn(NH3)^", 'as is shown by the solubility of zinc oxide in am- 
monia even without the presence of ammonium salts. Ammonium 
ion which results from the precipitation of zinc hydroxide with am- 
monia apparently increases the solubility of zinc oxide in ammonia, 
however. 

Alkali carbonate precipitates basic carbonate. 

Potassium cyanide precipitates white zinc cyanide, Zn(CN)2, 
which dissolves in an excess of the precipitant by the formation of 
a complex ion, Zn(CN)/':. 

Zn(CN), -h2CN^ = Zn(CN)/^ (2). 

Hence this solution does not give a test for zinc ion, or at most only 
a very slight indication of its presence. 

Zinc sulphide is only partially precipitated by passing hydrogen 
sulphide into zinc sulphate solution (compare § 28), but it is prac- 
tically completely precipitated on adding sodium acetate to the solu- 
tion. 

On charcoal solid zinc compounds easily reduce to metallic zinc, 
which volatilizes quickly at the reducing temperature. The vapors 
react with oxygen of air and form zinc oxide which is very much 
less volatile. Hence a white sublimate of zinc oxide deposits around 
the heated portion of the charcoal. 

Zinc salts give colorless beads with phosphor salt and borax, 

* Recent investigations indicate, however, that still other relations must be taken 
into account to explain the solubility of zinc hydroxide in alkali hydroxide 
and also the stability of this solution. Therefore the explanation of the solubility 
in bases by reaction (i) is only an approximation. 

''n* is an integer which varies with the concentration of the ammonia (compare 
Principles, p. 621). 
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82. Preparation of zinc sulphate. This salt is made by dissolv- 
ing zinc in sulphuric acid. Hydrogen is evolved in the reaction : 

Zn-f2H=Zn -fH^ (i). 

To carry out the experiment dilute sulphuric acid is poured over 
granulated zinc in a flask. As the acid is used up and the evolution 
of hydrogen becomes less vigorous heat may be applied to hasten 
the reaction. Explosions occur if a flame is brought near the mouth 
of the flask, since hydrogen forms an explosive mixture with air. 
At a short distance, however, the intermixture of hydrogen with air 
is already so far advanced^ that there is much less danger of an 
explosion. Hence a water-bath may always be used for heating the 
flask as soon as the gas begins to come off slowly. 

The solution of zinc sulphate is next filtered from any undissolved 
zinc and is evaporated on a water-bath until a skin of crystals forms 
over its surface. This indicates that the solution has become satu- 
rated with zinc sulphate at the temperature of the water-bath. It is 
then set aside and cooled slowly. Most of the dissolved salt crystal- 
lizes, since it is much less soluble at room temperature than at higher 
tem])eratures. The crystals are collected over a filter plate in a fun- 
nel. Acid is removed by pouring a little water on the funnel several 
times and quickly draining it off by means of a filter pump. * Finally 
the crystals are dried between sheets of filter paper. 

The purity of this i)reparation must be tested before using it for 
the above reactions. The test is carried out by dissohing a little 
of the salt in some water and adding hydrogen sulphide to one por- 
tion (§ 19) and ammonia to another. Any impurities so detected 
are then removed from the entire mass of the crystals by these re- 
agents. 

83. Cobalt. Cobalt forms numerous complex ions and also W- 
and trivalent cations. For analytical purposes the bivalent cation 
is most important. Still the properties of cobaltic ion are important 
for the separation of cobalt and nickel salts. 

*Thc tlanger of an explosion is determined by the ratio of oxygen and hydrogen 
present. .\ tlefinite lower limit of hydrogen is necessary to give an explosion from 
local heating, i. e. in order that the reaction taking place at a certain definite 
point, which results in the formation of water, spreads instantaneously through 
the whole mixture. 
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The test solution may be prepared from the chloride, C0CI2.6H2O, 
nitrate, Co(NOs)2.6H20 or sulphate, CoSO^.yHjO, by dissolving 
I 20 formula weight per liter of solution. 

Alkali hydroxide gives a rose red precipitate of cobaltous hydrox- 
ide. When only a small amount of alkali hydroxide is present, blue 
basic salts form. These go over into hydroxide on heating or by 
adding a moderate excess of the precipitant. 

Atmospheric oxygen and other oxidizing agents transform the red 
hydroxide into brown cobaltic hydroxide. Freshly prepared cobal- 
iotis hydroxide dissolves in very concentrated solutions of alkali 
hydroxide to a deep blue solution.^ The property of forming anions 
of the composition CoOj" is only slightly developed, however, 
Hence very concentrated solutions of alkali hydroxide are required 
to dissolve cobaltous hydroxide. On diluting the blue solution with 
water, hydroxide separates in various shades. 

The solution likewise gives a precipitate of basic salt with ammo- 
nia. This dissolves to a red solution on adding ammonium salts, 
and with an excess of ammonia it gives a yellowish green solution. 
The first reaction is related to the decreased dissociation of ammo- 
nium hydroxide through the presence of ammonium salts (compare 
§§ 78, (2) and 89), the latter to the formation of complex cobaltous 
ammofiia cations (Principles, p. 613). For the most part these two 
influences are active at the same time. It has already been men- 
tioned in § 51 that precipitation in the third group is sometimes not 
prevented by ammonium salts. 

The precipitation of cobaltous ion as potassium cobaltinitrite (see 
§ 75) always occurs when a given solution contains potassium ion, 
cobaltous ion, nitrite ion and hydrogen ion simultaneously, the latter 
in small amount. The reaction between these ions is expressed by 
the equations: 

Co" + N02'-h2H* = Co">H20+NO (la), 

and Co'*>6NO/+3K* = K£o(N^, (ib). 

Essentially cobaltous ion is oxidized to cobaltic ion by this reaction. 
The necessary positive electric charge comes from hydrogen ion, in 
case nitrite ion i§ also present, owing to the formation of NO-h 

*This fact has been referred to by Donath, Zeitschrift fiir analytische Chemie, 
40, i37» xpoi. 
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HjO, Cobaltk ion then yields a diiEcuItly soluble characteristic pre- 
cipitate of pofassium cobaUinitrite, KjCofNOJ^, with potassium- 
and nitrite ions. The solution of this salt contains the complex 
cobaltinitrite ion, Co(NOj}o'", besides the ions K\ NO/ and Co'*. 
The formation of this complex ion may be represented by the equa- 
tion {lb) above* 

From the fact that one formula weight of nitrUe i&n is needed to 
form one formula weight of cobaltic ioni and six are required to 
precipitate it according to the formula of the precipitate, it is evident 
that a concentrakd solution of potassium nitrite must be used for 
this test. No precipitate forms on using sodium nitritet since sodium 
cobaltinitrite is easily soluble, 

A solution of cobaltous ion which has stood a short time in contact 
with sodium nitrite and acetic acid, however, gives a precipitation 
immediaiely on addition of any potassium salt solution. This shows 
that the oxidation of cobaltous ion to cobaltic ion and ihc formution 
of the complex cobaltinitrite ion takes place independently of the 
presence of the cation which is added with the nitrite ion. 

Smce to increase the concentration of substances that are used up in a 
reaction always leads to the formation of greater amounts of the reaction 
products* it would seem advisable to increase the concentration of hydrogen 
ion as much as possible for the sake of a larger yield of cobaltic ion. While 
the inference is logical, the operation itself does not have the desired effect. 
This is due to the weakness of nitrous acid. Under the above conditions a 
great deal of undissociated nitrous acid would form and this, moreover, under- 
goes a decomposition according to | 156 (3), Hence the result would be an 
actual decrease of the concentration of nitrite ion* which more than com- 
pensates the advantages aimed at. Owing to this reason acetic acid is added. 
It does not follow, however, that the most favorable conditions are obtained 
isith acetic acid. 

According to Vogel cobaltous and nickelous ions exhibit a sinking 
difference in their behavior towards sulphocyanates. Cobaltous ion 
yields a pink solution, turning blue on addition of ordinary (ethyl) 
alcohol. 

A similar phenomenon is observed with other alcohols^ for in- 
stance, methyl alcohol. In the case of amyl alcohol, which is not 
miscible with water in all proportions and therefore forms two layers 
with it, the alcohol layer is colored deep blue. Since nickel salts 
do not give this reaction the phenomenon aflfords a convenient means 
of distinguishing cobaltous ion in the presence of nickel. Mercuric 
ion interferences with the test for the same reason that was stated in 
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§ 69. The test is rendered more delicate by the addition of an acid, 
as hydrochloric or nitric. 

The use of amyl alcohol may be avoided by evaporating to dryness 
a small quantity of the solution under examination for nickel and 
cobalt. Then alcohol is added, and finally ammonium sulphocyanate 
solution, drop by drop. In case no blue color is observed it is ad- 
visable to compensate any excess of water which may prevent the 
formation of the color, by increasing the amount of alcohol. 

A closer study* of the chemical changes involved in this test indi- 
cates that the blue color is characteristic of a double salt of the 
formula KjCo(CNS)^ or (NHj2Co(CNS)^. It ionizes in aqueous 
solution and the color vanishes. 

This very striking behavior of cobalt salts is also utilized as a means of 
detecting alcohol.' 

Alkali cyanide forms a red brown precipitate of cobaltous cyanide. 
The precipitate dissolves in an excess of alkali cyanide to a brown 
solution containing the complex cobaltocyanide ion, Co(CN)g'"'. 
This is, however, very unstable and oxidizes readily, for example, 
in contact with atmospheric oxygen, to form the lighter colored 
cobalticyanide ion, Co(CN)/'': 

2Co(CN)/'''+0+H,0 = 2Co(CN)/''+2(OH)' (2). 

Cobalticyanide ion is much more stable than cobaltocyanide ion, 
as is shown by the fact that the yellow solution yields no precipitate 
when acidified, or at most gives only a slight cloudiness on long 
standing. Cobaltocyanides are decomposed by acids. Addition of 
bromine and potassium hydroxide causes no precipitation of cobaltic 
hydroxide in the cobalticyanide solution. This fact also shows that 
the solution contains practically no cobaltous ion. In case the oxi- 
dation was not complete, however, it would contain cobaltous ion 
and would then yield a precipitate of cobaltic hydroxide on the addi- 
tion of bromine. 

Cobaltous sulphide is only partially precipitated by hydrogen sul- 
phide from acid or neutral solutions of cobaltous salts, even when 
sodium acetate is present. It is soluble in concentrated nitric acid 
(consult § 75). 

^Rosenhain and Cohn, Ber. d. d. chem. Gesellschaft, 33, 11 11, 1900. TreadwelU 
Zeitschrift fur anorganische Chemie, 26, 108, 1901. 

*F. Morrel, Zeitschrift fur analytische Chemie, 16, 351, 1877. 
7 
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Cobalt .mils are reduced on eJiarcoal to the gray metal. The 
phosphor sail and harojc beads are colored a deep him. After a 
long reduction the color becomes gray owing to the separation of 
metallic cobah. 

84 > Nickel. Nicke] has likewise two oxidation forms. It is, 
however, much more difficult to oxidize nickelous ion to nickel ic^ 
i. e* stronger oxidizing agents are needed, than is the case with co- 
balt. The following tests relate to the properties of nickelous ion. 

For the test solution f/20 formula weight of nickel chloride* 
NiCljJ>H30, or nitrate, Ni(NOj3.6H20 or sulphate, NiSO^.7H,0 
is dissolved to a liter. The solutions have a deep green color, chax- 
acteristic of nickelous ion. 

Alkali hydroxide precipitates apple grem nkkelmis hydroxide. 
The precipitate is transformed into black nickelic hydroxide by bro* 
mine and alkali hydroxide. How is this reaction formulated? 

Ammonia also precipitates green hydroxide, soluble in an excess 
of ammonia. The solution has a characteristic blue color, due to a 
complex nickel ammonia cation, Ni(NHj)/' or Ni(NH3)„*' (Prin- 
ciples, p, 616), 

Nickelous ion is not precipitated by ammonia if ammonium salts 
are present in considerable quantity. In this case the decrease of 
the dissociation of ammonium hydroxide by ammonium salts {§ 78) 
adds its effect to that of the complex formation. 

Alkali carbamle and ammmiitim carbonate precipitate green nick- 
elam carbmtatet soluble in an excess of ammonium carbonate. 

Alkali cyanide gives a green precipitate of nickelous cyanide. It 
dissolves in an excess of alkali cyanide to a yellow solution contain- 
ing chiefly the ion Ni(CN)/' (compare §81). The solution con- 
tains practically no nickelous ion. Hence it forms no precipitate 
with potassium hydroxide or with ammonium sulphide. When 
heated with brmnim and alkali hydroxide^ however, it yields a black 
precipitate of nickelic hydroxide (distinction from cobalticyanide 
ion), 

A method of detecting nickelous ion in the presence of cobalt is 
based upon this latter property. To carry out the test potassium 
cyanide is added to the solution until the precipitate which forms 
at first is redissolved, A small excess over the amount just neces- 
sary to dissolve the precipitate favors the formation of the more 
stable anion Co(CN)/" (§ 83}, but a large excess tends to prevent 
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the formation of Ni(OH}, in case nickel is present. If too much 
cyanide is added, a large amount of bromine must be used. The 

cyanide solution is left standing for some time and is occasionally 
shaken. Finally it is poured into a hot solution of bromine in alkali 
hydroxide. Very small quantities of nickel give rise to a brown 
coloration instead of forming a precipitate. 

Potassium suJphocarbonate affords a particularly delicate test for 
nickelous ion. With an ammoniacal solution of a nickel salt it gives 
a brown red solution, appearing almost black in incident light- 
Very small amounts of nickel give a rose red coloration* 

According to Braun (Zeitschrift fur analyti^iJche Chemie, 7> 346, 1868) the 
solution of potassium sulphocarbonate is made as follows : A deftnite volume 
of potassium hydroxide containing one formula weight of KOH per liter is 
divided into two equal parts. The one part is saturated with hydrogen sul* 
phide. It is then mixed with the other half and the mixture is gently heated 
with I /a 5 its volume of carbon disuiphide, being frequently shaken during this 
operation. The dark orange red solution is then poured off from any remain- 
ing carbon disulphide and is kept tightly stoppered , 

[The reaction of Tschugaeff (§ 75) is an exceedingly delicate test 
for nickel, detecting one part in four hundred thousand. None of 
the commoner cations interfere with this reaction. Cobalt also 
shows a characteristic reaction with this reagent, but it does not 
interfere with the detection of nickel, as it gives no precipitate.] 

Nickel sid phide resembles cobalt sulphide in its behavior. Like 
the latter it also dissoh^es in cmiceniraled nitric acid (compare J 

75)- 

Solid nickel compounds are reduced to the gray metal on char- 
coaL 

In the oxidizing Same the phosphor salt and borax beads are 
hrmm red when hot, almost coloress when cold. The borax bead 
becomes gray in the reducing flame in consequence of the separation 
of metallic nickel. 

GROUP V. 

85, Removal of ammonium sulphide from the filtrate from the 
fourth group. Before precipitating with the fifth group reagent, 
ammonium carbanuie, the filtrate from the fourth group must be 
freed from ammonium sulphide. To accomplish this acetic acid is 
added and the mixture is heated for some time, Anunonia and 
hydrogen sulphide are driven off. Any sulphur separated is filtered 
before adding the group reagent. 
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Heating the solution causes the ions NH^' and S'' to react with 
water, giving rise to ammonium hydroxide and hydrogen sulphide: 

2Nh;+s"+2H,o-2NH,oh+h,s. 

The products of this reaction vaporize at the elev^ated temperature, 
either directly (HjS) or in consequence of decomposition (NH^- 
OH^NHg+H^O). Hence they escape from the solution as fast 
as they are formed and all the ammonium sulphide present will be 
thus driven off. Addition of acetic acid acts in the same sense by 
neutralizing (§ So) the ammonia. 

In case the solution contains yellow ammonium sulphide, the hy- 
drogen compound H^S^ is formed, corresponding to the ion S/'. 
This separates sulphur on evaporating the solution. 

86. Precipitation with ammonium carbonate/ The filtrate 

treated according to J 85, or in case the preliminary test indicated 
no fourth group ions, the filtrate from some preceding group, is first 
made aikaline with ammonia and boiled . Then ammonium carbo- 
nale solution is added drop by drop until the resulting precipitate 
no longer increases in bulk. Barium ^ calcium and strantium ions 
arc precipitated with this reagent : 

Ba'+COa'^i^BaCO,. 

The precipitate should be siirred for sei'eral minutes in cofUaei 
with the liquid before filtering, to avoid an incomplete separatimt. 
Otherwise errors may arise owing to the fact that the above reac- 
tion is reversible. The latter point is readily shown by heating a 
small quantity of any of these carbonates with an ammonium salt 
solution. Provided sufficient ammonium salt is taken all will finally 
go into solution. 

The explanation of this is as follows. A certain definite amount 
of ammonia and carbon dioxide will always be formed in a solution 
which contains the dissociation products of ammonium carbonate: 



2Nh;+co/'=2NH3+h,o+co,. 

These products volatilize when the solution is heated, 
reaction pirocceds until all carbonate ion is used up. 



i 



Hence the 



* Concerning the composition and dissociation of ammonium carbonmlc, which 
in reality is i^Finewhat more cotnpiieateti than has been a^i^um^d bere» consult 
Principles, pp. 394 and 504. 
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This decrease in the concentration of carbonate ion disturbs the 
equilibrium with respect to sofid carbonale (from which the car* 
bonate ion has been formed). Accordingly more of the solid car- 
bonate will go into solution. The dissolving continues as long as 
sufficient ammonium ion is present* Hence the greater the con- 
centration of ammonium ion, the more carbonate ion will disap- 
pear from the solution, i. e* a considerable quantity of solid car- 
bonate redissolves. If, therefore, too great an amount of ammo- 
nium ion has been introduced anywhere in the course of the analysis, 
the solution njust be evaporated to dryness. The residue is then 
heated in a porcelain evaporating dish over an asbestos wire gauze 
(not over the direct flame of a bunsen burner). The ammonium 
salts axe volatilized in this way. The residue is next dissolved in 
water, acid being added if necessary to bring it into solution, and 
the solutian is rendered ammmiiacal. If ammmiia prodiices a clatuli- 
ness, ammonium chloride is also added drop by drop, bui only in this 
case. The cloudiness indicates that magnesium ion is present (J 
X02) and the ammonium chloride prevents its precipitation as car- 
bonate. 

Long continued heating also favors the dissolving of the fifth 
group precipitate* Still the heating should never be entirely omitted 
because these carbonates precipitate in the amorphous* state. By 
remaining in contact with the solution they go over into the crystal- 
line, less soluble form. Experience has shown that this change 
takes place more rapidly when the precipitate is in contact with a 
hot solution* For most cases it suffices, however, to heat the solu- 
Hon immediately before the precipitation. Errors which might arise 
from this operation are easily avoided by obsen*ing whether a pre- 
cipitate is formed as a consequence of the healing alone or not* 

87, The separation of barium-, calcium- and strontium 
carbonates. The precipitate of carbonates is first washed and then 
is dissolved in a little aceiit acid. Hydrochloric or nitric acid must 

*The rate of formatiau of the prettpiute h^aT& the following relation to its con- 
ditioii. The more difficultly soluble tTTotiifiLaiic»n results when the precipitate forms 
slowly. This may bq shown by precipitating calcixim ton with ammomum 
carbonate in one case, m another by adding ammoniuiti chloride and -carbonate 
simultaneously. In this last case the precipitate b erystallme and forms much 
more slowly, while m the other it is amorphous, more bulky, and forms at once. 
It pastel over into the less soluble modification after standing for a short time (com- 
pare Principles, p, 30;). 
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not be used in pUice qfaceiiC) since this would give rise to errors which 
will be explained later (5 gS). A small poriwn of the acetic acid 
solution is first tested mth potassium dkhr ornate. In case a pre- 
cipitate forms the reagent is added to the entire solution until the 
reddish yellow color of the filtrate indicates that an excess of the 
precipitant is present. The yellow precipitate is barium ckromate^ 
BaCrO^, The precipitation is more complete if sodium acetate is 
added to the solution (consult § 98)- 

The reddish yellow filtrate is then made slightly ammoniacah It 
is heated and again tested with ammanium carbotrnte^ for strontium' 
and calcium itn. Any precipitated carbonates are filtered and 
washed. They are next dissolved in a very little acetic acid,^ To 
a small portion of this solution, or if no barium ion had been pre- 
cipitated, to a small portion of the original acetic acid solution, a 
few cc. of saturated calcium sulphate solution are added. A pre- 
cipitate of strontium sulphate forms if strontium ion is present. The 
precipitate separates slowly, however. Hence the solution must be 
set aside for sei^eral hours before it is examined for a precipitate* 

If this test indicates strontium ion^ most of the remaining solution 
is precipitated with dilute sulphuric acid or a solution of sodium- or 
ammonium sulphate. Both strontium and calcium ion are hereby 
precipitated up to the saturation limits of strontium sulphate and 
calcium sulphate corresponding to the excess of SO/' (according to 
S 90). It must be specially noted that the separation of the sul- 
phates is ftot completed as soon as the precipitate becomes tnsible. 
Accordingly it is not filtered immediately, but is shaken up fre- 
quently and left 20-30 minutes^ in view of any further tests to be 
made with the filtrate. To detect calcium ion the filtrate is made 
alkaline with ammonia and a few drops of ammmiium oxalate are 
added. Calcium ion yields a white precipitate of calcium oxalate. 

When calcium sulphate solution gives a negative test for stron- 



Mt is advisable to use acetic: acid in^^tead of hydrochloric field (which is ttiiii- 
monly used), because the precspitation of strontium sulphate by the ad<iition of 
gypsum solution is apparently accelerated by acetic acid. Another reason is thai 
strontium sulphate is noticeably soluble even in dilute hydroebloric acid (accoiidtQg' 
to 'qualitiitive * experiments)* Hence the delicacy of this test is lessened if 
bydnxrhloric acid is used. 

*^rhe incompki^ separation of these sulphates may giv*e rise to errors with respect 
to the detection of calcium ion, since Etrontium ion vtXm gives a prmpltate 
with oxalates which might be mistaken for calcium oxalate. 
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tium it may happen that no precipitate forms on adding sulphate ion. 
It is evident in this case that the portion of the solution to which 
no calcium sulphate has been added is taken for the calcium test. 
Another method of separating Ba", Ca" and Sr" is based upon 
the behavior of their solid chlorides towards absolute alcohol. Stron- 
tium and calcium chlorides dissolve, while barium chloride is 
practically insoluble. The alcoholic solution is then evaporated to 
dryness and any residue of chlorides is transformed into nitrates by 
repeated evaporation with concentrated nitric acid. Calcium nitrate 
dissolves in absolute alcohol and strontium nitrate is left behind. 
The method makes greater demands upon the experience and skill 
of the student than is usually acquired in an ordinary course of 
qualitative analysis. Therefore the detailed description is omitted. 

8S. Application of the law of mass action to electrolytes. The application 
of the mass action law to the dissociation of salts is particularly valuable. It 
leads up to a conception which affords a more exact representation of many 
phenomena. 

It has already been stated in { 49 that the ions and the non -dissociated 
part of an electrol3rte are mutually transformable, as is expressed by the fol- 
lowing equation for the dissociation of sodium chloride : 

NaClf=fcNa- + Cr. 

From I 39 (2) the following relation exists between the concentrations of 
the ions and the non -dissociated salt. Attention should be called to the fact 
that this expression holds for substances like sodium chloride only approxi- 
mately (qualitatively). This objection can of course only be made if quanti- 
tative conclusions are drawn. As this is not the case the inferences drawn 
from this equation are not affected by this statement. 

tNaCI 

The first question to be considered is that of the effect produced upon the 

sjTStem by diluting the solution when equilibrium has been reached, i. e. what 

changes result from diluting, say ten times. Assuming that the dilution will 

not occasion a transformation in either direction, it follows that the individual 

concentrations are decreased 'n' times through the n-fold increase of volume. 

Cjjn' Cci ^nbci 

Thus they become - , and - respectively. The mass action law 

n n n 

should also be applicable after the dilution, whence 

Cn*- ,Cci' 

n ^*U' 

P =k (2). 

n 
Now equations (i) and (2) cannot both hold simultaneously. Accordingly 
the condition assumed to exist after diluting the system is not the equilibrium 
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condition. A transformation mtist take place to bnng the system to a stable 
state- The direction of this transformation is indicated by equation (z). In 

order that the quotient — -- becomes equal to *k*, the values of and 
hCniici n 

*— muist increase, that of must decrease. In other words the undis' 

n n 

sociaied portion of the salt undergoes further dissociation. This deduc- 
tion agrees with the actual relations, for all electrolytes are proportionaUly 
more dissociated in dilute solutions than in concentrated. When the solution 
is already extremely dilute a proportional increase of the dissociation with 
the dilution is no longer observed because the electrolyte is practically c^Ofm- 
pletely dissociated under these conditions. The increase of the per cent dis- 
sociation with the dilution^ i. e. the ratio of the dissociated parts to the foioi 
amotiHt of electroljrte in the solution, cannot bt shottm by qaaiitatiVf experi- 
nwnts. A detailed description of the quantitative methods used to test these 
ratios is found in Ostwald, Grundriss der allgemeinen Chemie. 4th edition, pp. 

447' * ^ 

Sg. The influence of foreign substances upon the dissociation of a given 
electrolyte may also be dedut^cd by means of the masK action law. The inde- 
pendent variation oi the concentration of each substance which reacts in any 
way with one of the dissociation products or non -dissociated salt, disturbs 
the equilibrium and occasions a transformation. Thus, for example, the efffct 
of ammonium salts in decreasing the dissociation of ammonium hydroxide and 
the similar inflttence of acetates upon i}w dissociation of acetic acid^ which 
have already been referred to in | 55, can be explained more exactly by apply- 
ing the above considerations. The following relation holds for an ammonia 
solution of given concentration, which contains ammonia, NH„ and in addi- 
tion ammonium hydroxide^ NH4OH, and the ions NH/ and OH'; 



Cwtt/ Cott' 



«k 



The values of Cnh," and Con' are small in accordance with the slight dii>so* 
ciation of ammonium hydroxide. Hence "W is also small. On adding am- 
monium salt to the solution the concentration of ammonium ion becomes the 
sum of the concentrations due to dissociation of ammonium hydroxide and 
the ammonium salt together. The quotient would then be too large if no 
change resulted from the introduction of ammonium salt. In consequence 
of the addition of ammomum salt, however, ammonium hydroxide will form 
from its dissociation products until the above relation holds. Since ammo- 
nium salts are rclati\-ely much dissociated into their ions it follows that the 
addition of a smalt amount will cause a proportionately great increase of 
Cnh/. Hence they will have a very pronounced effect upon the dissociation 
of ammonium hydroxide. This is in fact the case. 

Just as an ammonium salt influences the equilibrium between ammonium 
hydroxide and its ions, so the reciprocal relation holds conversely. Ammonia 
decreases the dissociation of ammonium salts to a much less extent^ however, 
in accordance with its proportionately slight dissociation. Hence its effort 
may be neglected in practice. 

The explanation of the infltience of acetates upon the dissociation of acetic 
add is left to the student. 
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This action of a salt upon the dissociation of an acid or base with a com- 
nion anion or cation is by no means limited to the cases cited. With all 
medium strong and weak acids and bases it is pronounced. A case that has 
been already mentioned (J 74) is that of the decrease in the dissociation of 
hydrogen sulphide (in itself but little dissociated) by adding stronger acids, 
as hydrochloric, sulphuric or nitric. 

90. The influence of foreign substances upon solubility. The 

^uilibrium existing in the saturated solution of a salt is very mark- 
^ly influenced by introducing a substance with a common ion. 

Thus, for example, on passing hydrochloric acid gas into a sat- 
urated solution of potassium chloride a separation of the solid salt 
takes place. 

The same result may also be obtained by adding concentrated hydrochloric 
3cid to the potassium chloride solution. In this case, however, the conditions 
3re less favorable, since an amount of potassium chloride corresponding to 
f^e volume increase must first be formed before supersaturation and separa- 
tion of the solid takes place. Other experiments illustrating the same rela- 
tioTxs are afforded by precipitating barium chloride from a concentrated solu- 
tion through the addition of hydrochloric acid, or barium nitrate with nitric 
sci<i . Potas.sium chlorate affords a particularly instructive example. Its sat- 
urcM^t^d solution yields a precipitate of potassium chlorate on addition of 
satt^raied solutions of potassium chloride or sodium chlorate. This is due 
in ^lie first case to the increase in the concentration of K'-ion, in the second 
to X,'he increase in the concentration of ClOa'-ion. 

Ihe phenomenon is a direct consequence of the alteration in the 
dissociation of potassium chloride. Increasing the concentration of 
cbiloride ion by the dissolved hydrochloric acid causes more undis- 
sociated salt to form. The solution was saturated to begin with, 
hoiwpver, i. e. it was in equilibrium with solid potassium chloride. 
The formation of non-dissociated salt leads to a precipitation,* for 
ill the saturated solution of a salt the concentration of the non-disso- 
ciated part has a definite value. To exceed this limit conditions a 
re^-ction which leads again to a state of equilibrium. In the present 
case a separation of solid salt takes place. Hence it follows that 
^ total quantity of a salt contained in unit volume of its saturated 
^^^tiiion is often much decreased by salts with a common ion. 

^^ fact shows that the value assigned as the solubility of a substance at 
* definite temperature is quite indefinite if it is taken to be the total amount 
contained in unit volume, which is made up of the dissociated and non-disso- 
ciated parts. For a given substance, however, the solubility of the non-disso- 

^Supersaturation in itself need not give rise to a precipitation. The separation 
of solid salt is determined by certain other conditions which will be considered in 
detail in connection with some specially striking examples (compare } loo) 
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dated part is fixed within certain definite limits. The variability of the totc^ z 
solubility is hence due to the decrease in the concentration of the ions whicl:^ 
are formed from the salt itself. This is caused by the presence of an excels 
of one of the ions, arising, however, from another salt. 

The following considerations will make these relations clearer. LetajarxcJ 
bo represent the concentrations* of the ions (CI', K') in the saturated solution 
of a binary salt, KCl, i. e. one decomposing into two ions, and c, that of tVie 
undissociated part. With certain limitations the following relation: 

aobo = k.c, (i). 

holds, according to the law of mass action, where ao«=b,.* The total soliJ- 
bility of the salt, Lo, is expressed as follows: 

Lo = c»,-fao (2^' 

where Co is the constant solubility of the undissociated part. 

In the presence of a second substance, say HCl, with the common ion, Cl . 
let the concentrations corresponding to the equilibrium condition be sl^ an<i ^> 
for the ions arising from the first substance, KCl, and a, for the common i^" 
formed from the second substance. From the mass action law the follo'W'^^8 
relation holds, at least approximately: 

(a» + aj.b, = k.c, C3)' 

Now as long as a, has a positive value, a^ (and of course also bj) must; ■^® 

*The number of formula weights in unit volume, one liter. 

'Sometimes difficulties are experienced in understanding this fact. Hence "^ 
present case may be treated in a little more detail. Assume that 'm* grams of S^'^ 
tassium chloride are left on evaporating one liter of a solution saturated 

18** C. In formula weights the solubility is accordingly -. Assume fur*** 

that 70 per cent of the salt is dissociated (an assumption approximating cla g^^ ^ 
the actual relations). Then the undissociated potassium chloride amounts 
o.joxm grams, the dissociated portion to o.7oXm grams. The latter is n*^-*^ 

up of 0.70 X m X g. potassium ion and 0.70 X m X . g- chloride »*^ 

74 56 74-5^ 

To arrive at the concentrations ao. b, and c,, these quantities in grams must ^"^^ 
divided respectively by the formula weights, whence 

o. 7oXmX3 0. 10 
•" 74.56X39«o 

l> = o.7oXmX55.46 
" 74. 5^X35.46 



From this it follows that 



o. ^oxm 
74.5^ 



74.5«> 



and L,« -a- + c,-b, + c, (*>' 

74- 5^ 
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smaller than a, and bo- From this it follows that the total solubility, Lj, in 
the presence of a substance with a common ion, is also smaller, as 

L,-a,-fCo (4). 

F*rom (2) and (4) it follows that the difference in the total solubility caused 
by -tie presence of a substance with a common ion is equal to the difference 
w» th4 concentrations of the ions, formed from the original salt: 

Lo-L,-ao-ai-=bp-bi (5) 

Strictly speaking this is not actually the case, but it approximates the reality 
fairly closely. The mass action law may be applied to electrol3rtes like potas- 
sium chloride and hydrochloric acid only with considerable limitations. 

91. Solubility product.^ From the above explanations it is evi- 
dent that in the case of the solubility of a salt in a solution which 
contains another salt with a common ion, the concentration of the 
latter has a great influence upon that of the former. The concen- 
i^a^lions of the ions formed from the one salt decrease as the concentration of 
tk^ common ion arising from the other salt increases. Accordingly 
the decrease of the solubility of the first salt becomes greater as the 
ct>9u:entration of the other increases. 

These deductions are based upon the invariability of kc^ at con- 
stant temperature. The expression is termed the ''solubility prod- 
uct " and denotes the value of the product of the ionic concentrations 
iTi the saturated solution of a salt, according to § 90, (i). 

Hence saturated solutions of electrolytes or salts may be defined 
to be those in which the product of the ionic concentrations, " the 
conceniraiiaH producty^* is equal to the solubility product. In un- 
saimrated (§ 6) solutions the concentration product is smaller than the 
solubility product, in supersaturated solutions it is greater. 

In the case of difficultly soluble substances a knowledge of the solubility 
PtXHlttct is particularly important. In their saturated solutions (as in almost 
all Very dilute solutions, consult | 88), the non-dissociated part, c^, is so small 
^^ Comparison with a, that the solubility may be placed equal to the concen- 
^'^tioj, Qf one of the ions, thus :^ 

Lo-ao-bo (6). 

**encc not only the difference between the solubility in pure water and that 
the presence of a salt with a common ion, but also the quantity dissolved 

*** ^Hf^ volume may be estimated from the value of a,. 

"^ study of equation (3) shows this in particular. With very difficultly 

*^ble salts and larger excess of the salt with the common ion, ai may be 

^Sleeted in comparison with a,. Hence equation (3) assumes the form: 

, Consult Ostwald, Scientific Foundations of Analytical Chemistry, Translation 
^ McGowan, p. 75. 
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Thus the eoncefitrfttion of the ions formed from the difficultly soluble i 
(aj — bi) is inversely proportional to the concentration of the ion present 
excess (through the presence of the second salt) . 

This leads to a conclusion very important for the predpitation of difficult 1; 
soluble salts. By using art excess of the salt serving as precipitant, for e:^ 
ample* of hydrochloric acid for Ag" or of sulphuric acid for Sr". the precipe 
taiion is more campkie (of Ag' and Sr" respectively in the abov*e cases! 
The increase in the concentration of hydrochloric and sulphuric acids respe^S 
tivety carries with it also an increase in the concentration of the chloride an4 
sulphate ions, which in turn lessens the solubility of silver chloride and «^ 
strontium sulphate. i 

In certain cases^ a very striking example of which is afforded by silv^ 
cyanide {% 1 1), an increase in the concentration of the precipitant renders tti^ 
precipitation less complete. It has already been stated, however, that xMnA 
cause of this fibenomenon is a new reaction between cyanide ion, sen'ing ^ 
precipitant, and the x^recipitated silver cyanide* Hence variations fromtti* 
above-mentioned decrease of solubility frequently lead to the discovery *^ 
new reactions. The significance of the solubility product is clearly illustrated 
by the determination carried out for potassium perchlorate in Principles, {^ 
44a, _ ^ 1 

As a simple reflection will show, the solubility prodtiCt has the significance 
of a concentration to the second power for binary electrolytes, and for elec^ 
trolytes which dissociate into "n* ions it has the si gni fiance of a concent rsi-^ 
tion to the «th power. This may be readily shown, for example, by applyin|| 
the mass action law to the dissociation of barium chloride, BaClj^^sBa" -H 
aCr. The deduction is left to the reader for the sake of practice* All nects-j 
sary information has already been given, 

91. The separation of strontium- and calcium ions. The test for Sr'" men-^ 
tioned in % 37, by adding saturated calcium sulphate solution to a solutioii 
which may contain both strontium and calcium ions, has the disadvantagi^ 
that the precipitation of strontium sulphate takes place very slowly. This il 
due to the fact that the concentration of the sulphate ions in a saturat^ 
solution of calcium sulphate is rather low. Therefore the concentration prod^ 
uct of Sr * and SO/' will exceed the solubility product of strontium sulphati 
to only a limited extent under ordinary conditions. To use a solution con- 
taining more S0/'» say of sodium sulphate or sulphuric acid, would avoid 
the difficulty. However, this would also give rise to the conditions for pre^ 
cipitating calcium sulphate, which might be mistaken for strontium sulphat 
and hence may not be used. 

As a matter of fact conditions for forming a precipitate of calcium sulphate 
are often met with. This is the case when a saturated calcium sulphate solii 
tion is added to a solution containing calcium ion in ordinary concent ration^ 
The liquid will become supersaturated with respect to calcium sulphate. Ill 
the precipitant the solubility product is already reached, as the solution H 
saturated. The decrease of concentration through mixing it with the solu- 
tion under investigation is usually less than the increase arising from the caK 
cium ions in the solution. Often no precipitate will form^ however, probably; 
because the excess mer the solu' itity product of cakiitni sulpltate is only^ 
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sligH^. Under these conditions a transformation leading to equilibrium may 
be pvit off for some time. A sure means of doing away with the supersatura- 
tion oonsists in introducing a small quantity of the substance with respect to 
whicli the solution is supersaturated (compare § 104). This means is pur- 
posely avoided in the present instance. 

Reactions of the Fifth Group Ions. 

S>3. Calcium, strontium and barium form only bivalent colorless 
cations. Complex ions are not formed in detectible amounts under 
the ordinary conditions of analysis. Consequently the properties of 
the ions of these metals are readily kept in mind. 

The strong development of cation characteristics is particularly 
shown in the hydroxide solutions, which have specific basic proper- 
ties. A limitation is caused, however, by the slight solubility of the 
hydroxides. 

94- Calcium. The test solution is most easily prepared by dis- 
solving 1/20 formula weight of calcium chloride, CaCl3.6H20,* or of 
ca.lcium nitrate, Ca(NO,) J.4H3O, in a liter of water. 

■Potassium hydroxide forms a white precipitate of calcium hydrox- 
ide, Ca(OH)j. Ammonia yields no precipitate. This is due to the 
^^crt that much less hydroxyl ion is contained in, an equimolecular 
aoiimonia solution. Hence the solubility product of calcium hydrox- 
ide is not reached. 

-Axnmoniacal solutions of calcium salts often yield a precipitate on standing 
^OT^ some time in contact with air. The precipitate is not calcium hydroxide, 
^•^'^vcver, but calcium carbonate. This may be readily shown by filtering and 
P^^varing dilute hydrochloric acid over the precipitate on the filter. It decom- 
P^>^tes with effervescence of carbon dioxide. If the amount of precipitate is 
^^^Tr minute an effervescence may not be detected. The carbon dioxide which 
^^^^"€8 rise to this precipitate comes from the air which, especially in labora- 
^^^^^es, always contains considerable quantities of this gas. 

Alkali carbonates give a precipitation of difficultly soluble calcium 
^^^^bonate. The precipitate dissolves on passing carbon dioxide into 
ttx^ liquid with which it is in contact. The CO," -ion formed from 
^i ^solved calcium carbonate is used up through the following reac- 



CO/'H- CO2+ H,0^2HC0 



3 



'There are several hydrates of calcium chloride. Under ordinary conditions 
^« most stable one is that containing dU^O (Principles, p. 515). For the prepa- 



'"^'tion consult I 95 
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ConsequenUy solid carbonate goes into solution as Jong as any car- 
bon dioxide is present. The salt Ca(HC0j2 is not known in the 
solid form. All attempts to isolate it by evaporating the solution 
result in the precipitation of calcium carbonate in consequence of a 
reversal of the above reaction. 

With solutions of stdph^tes and with dilute sulphuric acid calcium 
ion yields a while precipitate of cakium sulphate, 

Disodium hydrogen phosphate solution precipitates white calcium 
phosphate (compare § 78, footnote). The precipitate dissolves in 
acetic acid. 

From the solution ammonium oxalate precipitates calcium oxdait, 
soluble in dilute hydrochloric or nitric acid» practically insoluble b 
acetic acid (the precipitate will dissolve in a very large quantity of 
acetic acid). 

A drop of calcium salt solutiont evaporated on a platinum wire 
and heated to redness, imparts an orange color to the bunsen flame> 

When heated with sodium carbonate on charcoal, solid calcium 
compounds yield white calcium oxide, infusible at the temperatures 
reached with a blast flame, 

95. The preparation of carbon dioxide and calcitim chloride. 

For laboratory purposes carbon dioxide is prepared from natural 
calcium carbonate (chalk, marble or limestone). Decomposition is 
effected either by heating the dry salt or by means of an acid. 

The following reaction takes place on heating calcium carbonate - 

CaC0, = CaO+CO,. 

The only volatile product is carbon dioxide, calcium oxide beii* 
practically non-volatile. The reaction is reversible, *— , as is show ^ 
by the fact that calcium oxide goes over into carbonate when \t9^ 
in an atmosphere containing carbon dioxide. In case all three sub^^^ 
stances, CaCO^, CaO and COj are present in a system, it depend ^^^ 
upon the pressure exerted by the carbon dioxide how the reactior* ^ 
will proceed. V 

For every temperature there is a fixed value of the pressure under which'^^^^.^ 
equilibrium exists, i. e. no transformation occurs. When the pressure is 
decreased more carbonate decomposes, when increased more carbonate forms 
In preparing carbon dioxide by heating calcium carbonate the gas is allowe* 
to escape. In this way the condition for the complete decomposition of 
de&nite amount of calcium carbonate is established. 
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The carbonate may be heated in a tube similar to the one used 
or the experiment in § 35. The escaping gas is passed into baryta 
olution, a solution of barium hydroxide. It precipitates barium 
arbonate} The residue left in the tube is shaken into a porcelain 
ivaporating dish. When moistened with water it forms calcium 
lydroxide, developing a considerable amount of heat (slaking). 
The liquid in contact with the calcium hydroxide that is formed in 
this experiment colors red litmus paper blue (compare § 93 on the 
properties of the hydroxide). 

The preparation of carbon dioxide by 
decomposing a carbonate with an acid is 
usually carried out in an apparatus which 
permits the generation of gas to be regu- 
lated and stopped at any point desired. 
Of the various contrivances serving this 
purpose the Kipp apparatus, illustrated in 
Fig. 5, is most used. The method of oper- 
ation is readily seen on using a Kipp. 
The middle bulb is filled with the solid 
material (marble), and acid is poured 

into the upper bulb through a funnel, the 

stopcock '*h" being open, until it remains 

partly filled when the stopcock is closed. 

The middle and lower bulbs are connected in such a way that the acid 

can pass into the middle bulb on opening the stopcock and is driven 

out of it when the stopcock is closed. The opening in the lower bulb 
is closed with a glass or rubber stopper. It serves to draw ofif the 
liquid after the acid has been used up, when the solution has become 
inactive through the accumulation of one of the reaction products, Ca", 
ind through the disappearance of hydrogen ion. The solution may 
•hen be used to prepare calcium chloride. Even when pure hydro- 
-hloric acid was used in decomposing the carbonate, the solution 
^11 generally have a yellow color due to small quantities of ferric 
-Hloride. It is evaporated on a water-bath until a skin of crystals 




Fig. 5. 



* If a solution of bariMtn chloride or barium nitrate is used instead of baryta water, 
*^ separation of barium carbonate takes place, even when the chloride or 
**^rate solution is more concentrated, i. e. contains more barium ion, than the 
^Tyta solution. Though this is quite self evident, nevertheless it often surprises 
•^« student. How is it to be explained? (compare S 137). 
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forms over the surface, and ihen under constant siirnng it is evap- 
orated further over an asbestos wire gauze until it becomes thick 
with small crystals. When cooled this becomes solid. The compo- 
sition is somewhat variable in consequence of a partial dehydration* 
In calcuJating the amount to be used in preparing the test soIudoQ 
{§ 94) the formula may be assumed to be CaClj^HjO. 

When commercial hydrochloric acid is used, the solution invari- 
ably contains other ions which interfere with the preparation of cal- 
cium chloride by leaving other chlorides mixed with the calcium 
chloride on ev^aporating the solution. To obtain a pure product in 
this case the group reagents are systematically added to the solution* 
The precipitate obtained with ammonium carbonate is then dissolved 
in dilute hydrochloric acid and the solution evaporated on a water- 
bath. 

On a commercial scale this method would be too expensive. 
When the solution no longer reacts with calcium carbonate it is 
heated with a suspension of slaked lime. By this means the most 
common impuritiest as Fe"\ Mn" and Mg\ are precipitated and 
then they are filtered. The filtrate is next evaporated in any con- 
venient way and towards the end of the operation some concentrated 
hydrochloric acid is added to limit the formation of basic salts. For 
the same reason the evaporation is also carried out more slowdy from 
this point on. The product is anhydrous calcium chloride, 

g6. Theory of the decompOEition of carbon&tes by means of acids. The gen^ 
eral ecjaation for this reaction is the following: 

MCO, + aH -M +H,0+CO^ 

where M is the symbol of a bivalent metal. The law of mass action may be 
applied to this reaction just the same as it was applied to the precipitation 
of metallic ions by hydrogen sulphide and the reverse reaction of the dissolv- 
ing of sulphides in acids* 

In the present case 015 ly the dissolving of the precipitate has practical im- 
portance. The reverse reaction which takes place under certain conditions 
when carbon dioxide is passed into a solution containing the ions M", •— is 
represented by the equation: 

CO/' + C0,+ HJO — 2HCOV. 



For an add to effect a complete decomposition of a carbonate the carbon 
dioxide which, along with' water, results from the carbonate- and hydrogen 
ionS| must escape as fast as formed. The fact that a weak acid^ as acetic 
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acid, can decompose a carbonate, indicates that carbonic acid, which first 
forms from the ions : 

C0," + 2H=H,C0„ 

is much less dissociated than acetic acid. 

In the case of the decomposition of calcium carbonate the rules stated in 
I 28, concerning the influence of the concentration of substances taking part 
in a reaction, are not so evident so far as the end condition comes into ques- 
tion. Equivalent amounts of hydrochloric and acetic acids will completely 
decompose a given quantity of calcium carbonate, provided carbon dioxide is 
allowed to escape. There is a difference, however, in the rate of action of 
various acids. Acetic acid will take several times as long as hydrochloric or 
nitric acids. A primitive experiment serves to illustrate this difference. In 
each of three 150 cc. flasks the same quantity, i g., of calcium carbonate is 
placed, and equal amounts of acetic, hydrochloric and nitric acids are poured 
into the respective flasks. The quantity of acid must be a little in excess of 
the amount* just needed to effect complete decomposition. It is observed that 
hydrochloric or nitric acid dissolve the carbonate in a short time, while acetic 
acid takes considerably longer. For class demonstration the dissolving of 
zinc is better adapted, however (Principles, p. 241). 

The slight dissociation of acetic acid in comparison with the others affords 
an explanation of this phenomenon. It is seen that the rate of reaction is 
influenced by the concentration of hydrogen ion, which is immediately con- 
cerned in the reaction. The final result of the transformation indicates no 
difference in the behavior of the various acids employed. 

The quantitative study of these relations has led to the following law. In 
most cases the reaction velocity, which is measured by the quantity of sub- 
stances transformed in unit time, is proportional to the nth power of the 
concentrations of the components, when *n' formula weights of the com- 
ponents take part. However, in reactions where *n* has a high value com- 
plications are very often met with. 

It has already been stated in § 30 that the concentration of solid substances 
may be regarded as constant, independent of form and quantity. Only in cer- 
tain cases have exceptions to this law been noted, for example, in the case 
of mercuric oxide (§ 77, footnote). 

The influence of the fineness of the particles makes itself apparent in study- 
ing the velocity of a reaction. This is shown by comparing the action of 
hydrochloric acid upon equal quantities of calcium carbonate, in one case 
coarsely powdered, in another very finely divided. 

*The acid solutions contain two formula weights of acetic, hydrochloric or 
nitric acid per liter. Since one formula weight of any of these acids will give 
one combining weight of hydrogen ion, equal volumes of the solutions can neutralise 
equal volumes of a given base. 

The quantity of acid required to decompose i g. of calcium carbonate is calcu- 
lated as follows. One formula weight of calcium carbonate (100 g.) is decomposed 
by two combining weights of hydrogen ion. These come from two formula 
weights of acid, i. e. from one liter of the solution. Hence i g. of calcium carbon- 
ate will take xo cc. acid. For each experiment, however, 12 cc. should be 
used. It may be measured in a graduated cylinder or test-tube. 
8 
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Q7. Strontium. The ions of strontium, barium and calcium re- 
semble one another so closely that differences in their properties are 
observed only in quanlitative experiments. With the rkromatts, 
sulphates and sulphUts the solubility products decrease, with the 
hydroxides and oxalates they increase in the order; calcium^ stron- 
tium, barium. The difference in the properties of the chromatesis 
most striking of alL Calcium chromate is rather easily soluble, 
while barium chromate is one of the least soluble barium salts. 

Volatile strontium salts impart a carmine red color to the non 
luminous bunsen flame. The chloride serves best for this test* 

98, Barium, Barium ion is separated from stronlium- and cal- 
cium ion by precipitation as barium chromate (j 87). To effect ^ 
complete separation the fifth group carbonates must be dissolved i^ 
acetic acid. Only in the presence of acetate ion or the anion of ^ 
similar weak acid is the precipitation practically complete. Tfii^ 
may be readiJy shown by adding a slight excess of polassium dichr^' 
mate to a solution of barium chloride^ filtering and then addioS 
sodium acetate to the yellow filtrate. 

A second precipitation is observed under these conditions. Tl^*^ 
precipitate redissolves upon addition of hydrochloric acid. By ct^iT^" 
sidcring the reaction: 

KXr^O^ -h 2BaCl3 + H jOii^2BaCrO,+ 2KCI+ 2HCI (la), 

from the standpoint of the mass action law (§ 29) and rememberir^-^ 
that acetic acid is but Jittlc dissociated and hence always forms whe?' ^^ 
acetate ion and hydrogen ion are present in equivalent amounts f ^^ 
the same solution, it is easy to see why the addition of apparenti 
indifferent sodium acetate causes a further precipitation. 



r-bri 






The relations become still clearer when the dissociation of the various sul 
stances is taken into account, and those ions which undergo no essenti. 
change of concentration are left out of the equation. The equation the.=:^^*^ 
reads: 



CrA" + 3 Ba" + H,0^iBaCrO, + 2H- 



(it 



The study of this equation shows that dichromate ion, CrjO^", reacts wi^ 
water to form aCKJ," and 3H\ Barium ion yields a precipitate with chr 
male ion, CrO^", thus removing it from the system as fast as it forms, 
this way the conditions for a complete transformation are established. 

The equation: 



I 



Cr,0/' + HjOiztaCrO/' + 2H' 



(^>* 
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^Aciicates the relations existing between dithromate ion and chromate ion. 
They are clearly shown by the following experiments. 

The yellow color of ^^Motassium chromate solution changes to red tjpon addi- 
tion of acetic acid, of even by passing carbon dioxide into the solution. On 
t^he other hand ammonia or alkali hydroxide will turn dichromate solution 
yc\low. Evidently hydrogen ion reacts with chromate ion, giving a transfor- 
mation in the direction ^—. Since the concentration of hydrogen ion is 
Very Iqw in alkaline solutions (§ 50), they will contain practically only chn>- 
niate ion. 

The fact that dichromate solutions have an add reaction, while chromate 
solutions are alkaline, agrees with these relations (Principles, pp, ^06-7). 
Apparently potassium chromate would fnmish a more efficient means of 
^Aeparatiog barium ion, since its solutions contain only chromate ion. It would 
a/so precipitate strontium ion, however, &ad hence is not used as a reagent 
hr Ba*% 

X'olatile barium salts impart an apple green color to the non- 
lii ruinous bunsen flame. 

GROUP VL 

^0* "Th^ filtrate from the fifth group may contain the ions Mg"\ 
C and Na\ Whenever a large quantity of ammonium salts has 
b^^n introduced in the course of the analysis, the precipitation of 
fiffth group ions with ammonium carbonate is incomplete. Hence 
it is aways essential to make sure of a complete separation of the 
fifth group before proceeding further. To detect any Ba" or Sr" 
ttfc^t may be left* dilute sulphuric acid is added to a small portion 
of the filtrate, while a separate portion is tested with ammonium 
oxalate for Ca"\ 

In case a cloudiness is observed within a few minutes after adding 

si^lphuric acid, the entire solution is boiled. To the hot solution 

diiiitt sulphuric acid or ammtmium sulpfiate solution is then added 

drop by drop. In many cases it will be necessary to lessen the vol- 

**n3e by evaporating the solution before adding sulphate ion, since 

**^^ precipitation of these sulphates from dilute solutions always 

^^quires considerable time (§ 87). If the system is frequently 

^"^ken and is set aside 20-30 minutes it is safe to assume that 

^^^ilibrium has been reached (i. e. that the ions precipitated by 

' ^^" are practically completely removed. The precipitate is then 

**^red, A portion of the filtrate or acidulated solution is made 

^^moniucal and is tested for calcium ww with ammanium oxalate, 

^ Case a precipuate forms the entire solution is treated with oxalate. 

The filtrate is now ready to be tested for sixth group ions. Mag- 

^^^um ion is detected by the insolubility of magnesium ammmiium 
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phosphate ^'^ MgNH^PO^. Only part of the solution is used for this 
test Since it already contains some ammonium ion, just enough 
ammonia is added to give it an alkaline^ reaction, and then diso- 
dium hydrogen phosphate is added. Under these conditions a clear 
crystalline precipitate is obtained if magnesium ion is present (com- 
pare f 102). 

The above method cannot be used to retnove magnesium ion frora 
the rest of the solution since it introduces sodium ion, which is to be 
tested for along with potassium ion. Hence another means must 
be employed. This wiJl be described after the simpler case has been | — r 3 
considered, viz. that a solution containing no magnesium ion is to 
be tested for K* and Na\ 

100. Detection of potassiiun* and sodium ion. The solution 
vsrhich contains no magnesium imt is evaporated to dryness on a 
water-bath or over an OslUfald burmr. The residue is shaken into 
a porcelain crucible or evaporating dish and is heated over an asbes- 
tos wire gauze, at first gently and finally at the full heat of a bunsen 
burner* This removes ammonium salts. If the temperature is 
raised too high, however, alkali salts (chiefly the chlorides) volatil- 
ize to a noticeable extent. After cooling the residue is dissolved in 
a small amotml of water. If necessary Ms solution is filtered and 
is then used for the tests. 

To a portion of the neutral solution an equal volume of sodiuf^ 
hydrogen tartrate solution is added. Foiasstum ion is indicated b^ 
the precipitation of potassium hydrogen tartrate (cream of tartar^ ) 
after a few minutes' standing. The test is made much more certai -^^^ 
by introducing an extremely minute (invisible) quantity of creac 
of tartar* into the soltjtion on the end of a platinum w^ire. The rea 
sons for this addition are stated in § 104. 

Another portion of the solution is tested for sodium ion by mean^"^^ 
of a solution of dipotassium dihydrogen pyroantimonate. KjH^^ ''' 
Sb^Oj, which is prepared just before use by heating a small quantit::*" jjL 

^This salt has rt great tendency to form supersaturated sulution^ Henc«? the 1 
tube fihould be vigorously sha^ken after adding the reagents. Jt is frequetit- 
reccrmmended to rob the walJs with a glass rod instead of shaking. Errors are ofi 
caused by this meanSt however (compare | lOO, last footnote)^ 
*Thp above E^imple condition is very freqvienUy neglected, 

*In the form of a dry mixture containing t per cent cream of tartar, 99 per < 
sodinm nitrate, which must be ffee from piUassium nitrate. 
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the salt with water. The solution must be cooled before it is used 
the test for sodium ion, A granular crystalline precipitate, 
ajH^SbjO^, is formed if sodium ion was present* 

When the solution contains a little hydrogen imt or ammonium 
ills an amorphous precipitate of antimonic acid is obtained, which 
iterferes with the recognition of disodium dihydrogen pyroanti- 
lonate. Hence inexperienced obsen^rs very often draw wrong 
inclusions from the test* However, the diflference between the 
ensities of antimonic acid and the pyroantimonate serves to sepa- 
ite and identify the precipitates. The contents of the test-tube are 
'ansf erred to a watch glass and the liquid is then slowly poured 
way from the precipitate. The salt has a much greater density 
ban antimonic acid, hence it settles to the bottom quickly and re- 
lains behind on the watch glass. The acid, however, follows the 
lovement of the liquid and is poured away with it. By placing 
ome more water on the watch glass and then pouring the liquid off 
gain, even minute quantities' of antimonates can be separated from 
ionic acid. 
The precipitate of pyroantimonate also has the characteristic prop- 
rty of sticking tight to the glass after standing for a short time. 
n consequence it is more readily perceived on pouring off the rest 
i the liquid and the antimonic acid. This is indicative of the 
odium salt only when the solution of potassium pyroantimonate 
Wch is used as a reagent is not supersaturated. Hence the re- 
gent solution must be cooled and shaken from time to time before 

is used. Otherwise the potassium salt might separate during the 
jst and of course it would be mistaken for the sodium salt. 

In carrv'ing out these tests for K* and Na' the reagents must al- 
jaj^s be allowed to react for a long time (say 30 minutes). 
^01* The removal of magnesium ion is effected by precipitating 
ith baryta water. Since this precipitation is incomplete if ammo- 
turn sdtts are prtsenl, the solution is first evaporated to dryness and 
lie residue heated over an asbestos wire gauze untU ammonia vapors 
ease coming off (compare § 99) ♦ The ignition residue is next dis- 
olved in water (a little hydrochloric acid being added if neces- 

* Rubbing the waUs of the test-tube with ji ^tass rod is sonnet imes recommended 
o effect the aeparatjcjn of the precipitate, Glaits may, however, be rubbed off by 
hia means and is then misiaken for afitimonate. Hence it is best to avoid this 
fperaticm entirelv, .M0r¥O\er by shaking the test-tube vigorously the precipitate 
txa aJwaya be mmXt to i<mn> 
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sary). The hot solution is then precipitated^ with baryta water^ until 
the jUlraie wiU no longer yield any precipilale with baryta. The 
solution now contains barium ion in consequence of the removal of 
magnesium ion with barium hydroxide* This is precipitated from 
the filtrate by means of ammonium carbonate, or better by sulphuric 
acid. 

To remove the excess of sulphuric acid or ammonium salts the 
filtrate from the barium precipitation is heated on a water-bath until 
water vapor no longer escapes, and finally in an air-bath or on a 
sand-bath. The residue is then tested for K* and \a' according to 
jS 100, 

Errors often arise from boiling the above alkaline solution in por- 
celain or glass vessels. They arc caused by a reaction between the 
glass or porcelain and baryta water, in consequence of which ions 
of the alkali metals go into solution. To avoid this as far as pos- 
sible Jena glass vessels should be used, and in place of porcelain, 
platinum vessels wherever practicable. 
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Reactions of The Sixth Grouf Ions. 

102. Magnesium. Magnesium forms only bivalent catior*^ 
which are analogous in properties with the ions of ihe fifth groti- ? 
metals. Magnesium salts are considerably more soluble, however^' 
except the hydroxide. 

The test solution contains i / 20 formula weight per liter of the su^ ^ 
phate, MgS0,.7H,0, or the chloride, MgCI^.OH.O. The latter sa — ^\ 
may be easily prepared by dissolving magnesium in hydrochbrft^ ^ 
acid,* 

Alkali hydroxide and baryta .solution precipitate fnagnesium ky^^ 
dr&xide. The precipilate redissolves upon addition of an ammt^ 
nium salt or ammonia. Hydroxy! ion from magnesium hydroxidJ 






'The fotmatiofi of a precipitate with Imryttt water is nai on tibs^tuit crUrH&tt m 
Ike pf€sen€t of magntsium ion^ since stitphati? ion (i iia) may also be contaLineil t^ 
the solution and jt gives u pretipitatt with baryta* A wrong t'onduKion h vtr^ 
often made with regard to this pt^int. 

*lFor the use of HgO in place of baryta consult Abegg. Handbuch der anorganr^^^ 
ittcbeti Cheniie. Vol ll, a. p, 4? J 

•On evaporating the solution to prepare the solid &alt a basic chloride is h 
quently obtained, owing to a partial volatiliEation of th? xncid resulting 
the hydrolysis: 

3cr+Mg"+H'OH'-Mg{OH»cr+H>cr. 
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id ammonium ion form ammonia. This uses up hydroxyl ions and 
mce gives rise to the condition necessary for the dissolving of more 
tagnesium hydroxide. The solution process continues as long as 
iflScient ammonium ion is present (Principles, p, 532)* 

Solutions of alkali carbonaies form a white precipitate of basic 
jrbonate. It is not certain whether this has a definite composition 
r whether it is simply a mixture of larbonate and hydroxide in 
ariutle proportions. It dissolves in ammonium salts* 

The formation of crystalline magnesium amm&ninm phosphate 
S gg) is a characteristic test most frequently used in analysis to 
letect magnesium ion. The addition of an ammonium salt is neces- 
ary to effect the precipitation for two reasons. In the first place 
ntmonium salts are much more dissociated than ammonia, hence 
re more active in giving the solubility product of magnesium am- 
ionium phosphate. In the second place the precipitation of mag- 
fsifim^ hydroxide is thereby prevented (compare jSf 78 and 89)* A 
ttle ammonia must be added, but only enough to neutralize the acid 
hich is formed by the precipitation of magnesium ammonium 
bosphate. 

As was mentioned above (jS 99), hydrogen ion has a disturbing 
ifluence upon the precipitation owing to the formation of the ions 
PO/' and H,PO; (consult J 129): 



MgNH£0,+ H' = Mg ' + NH; + HPO,^ 
J^NH£0^+ 2H" = Mg" + NH; + H^O/. 

P^ny magnesium compound forms a white sublimate of magnesium 
xide when heated with sodium carbonate in the reducing flame on 
harcoaL 

103* Potassium, The ions of the alkali metals have very few 
eactions which can be used to identify and distinguish them. With 
nost anions they form soluble compounds having no other striking 
characteristics. The test solutions are made from the chloride, ni- 
rate or sulphate and contain i/io formula weight of the salt per liter 

With cMoroplatinic^ (or hydrochhroplatinic) acidj H^PtCl^, 

^Tbe term chlofoplatink acid will always be used later (Miolatl). Correspond- 
iig with this hydrofluosilicic acid will be CiiUed fluosilkic acid, HjSiF^, i, e, 
; acid with 6F in^te&d of ^(O). 



IM 



FHINCIPIES OF QETALITATrVE ANALYSIS. 



potassium ion yields a yellow precipitate of potassium chloropkti- 
iiate» KjPtCIg, Formalion of the precipitate is promoted by me- 
chanical means, as rubbing the wet walls of the test* tube mth a glass 
rod, or beiier by shaking. Addition of alcohol renders the test more 
delicate because the salt is less soluble in a mixture of alcohol and 
water. The liquid becomes brown in case iodide ion is presenl 
(compare J 198 on platinum). 

Accordingly potassium iodide must be transformed into the chlo- 
ride by evaporating the solution with concentrated hydrochloric acid* 

Fluosilicic acid, H^SiF^, yields a difficultly soluble precipitate, 
KjSiF^j, which is not readily perceptible, however (Principles, p- 
465). The test must be carried out in an acid solution, for hy 
droxyl ion effects a decomposition of fluosilicate ion, giving rise t*^ 
fluoride ion and insoluble silicic acid : 



SiF," + 4OH' - Si(QH), + 6F' 



ii^ 



The same decomposition occurs in neutral solutions^ but considerabl;;^ 
more slowly. 

Potassium ion also forms a diflScultly soluble salt with the anioj 
of perchloric acid, CIO/* [In 70 per cent alcohol potassium per 
chlorate is much less soluble than in water. Principles, p. 454.] 

Sodiitm hydrogen iarlrak%^ already mentioned in § ioo> is the- . 
reagent most frequently used to detect potassium ion, Custom^irily^ 
a mixiure of tartaric acid and sodium acetate is taken in place of^ 
sodium hydrogm tartrate. This is less suitable because potassium \ 
hydrogen tartrate is much more soluble in solutions containing so- 
dium acetate than in water. Consequently the delicacy of the reac- 
tion is considerably lessened, especially when a large excess of so- 
dium acetate is added. 

The greater solubility of cream of tartar in solutions containing acetate 
ion is due to the format ion of acetic acid with the hydrogen ion of the tar- 
trate* When alkali acetate is dissolved in a saturated solution of cream of 
tartar which is in coniaii with the solid salt, hydrotartrate ion and acetate ion 
will fomi acetic acid. Since this disturbs the equilibrium between the solu- 
tion and solid salt, more of the latter wiU go into solution. The dissolving 
continues until the products of the reaction have accumulated in sufficient 
amounts to bring it to an end* This comes from the reversibility of the reac- 
tion, which is shown by the fact that a solution of potassium sodium tartrate 

'A solution adapted to this purpose is obtained by dissolving tSS g. t^naric 
acid &nd aS.S g. disodium tartrate in a liter of water. 
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likewise precipitates cream of tartkr when acidified with acetic acid. The 
following equation formulates these relations: 

HC,H,0/ + C,H,0/5=fcH-C,H,0,' -f C.H.O," (2) . 

Only when very large amounts of sodium acetate are added and the con- 
centration of potassium ion is particularly low, is the delicacy of the above 
reaction lessened sufficiently to spoil the test entirely. The precipitation is 
incomplete, however, if too small a quantity of sodium acetate is present in 
a mixture containing potassium ion and tartaric acid, because the concentra- 
tion of hydrogen ion is then not low enough. For the dissociation of tartaric 
add and the formation of the ion CJifi^', on which the delicacy of the test 
depends, is increased by small amounts of sodium acetate. 

The use of sodium hydrogen tartrate as a reagent for neutral 
solutions of potassium ion very easily does away with all difficulties 
in the matter of judging correctly the required concentration of 
hydrogen ion with the other method. 

104. To remove supersaturation. In all cases where the condi- 
tions favor the separation of a solid, and yet no precipitation takes 
place, it is found that the addition of a very minute quantity of the 
Solid in question will give rise to a separation. Thus in the above 
example (§ lOo) equilibrium was reached in this way by adding a 
Scarcely detectible amount of cream of tartar (in the form of a mix- 
ture with sodium nitrate). 

These considerations refer to cases where the state of equilibrium 
Has been overstepped and where no spontaneous establishment of 
the equilibrium takes place. They are not limited to solutions su- 
J^ersaturated with respect to solids, but are also observed with solu- 
t:ions of gases in liquids, the solidification of molten substances, etc., 
in fact wherever a system is met with which can be separated by 
J>hysical means into several spatially distinct phases (heterogeneous 
pihases). Extreme instability is represented by the labile state. To 
Idealize it is an unusually difficult matter, for it passes into the stable 
condition of equilibrium very rapidly and without the addition of 
foreign substances. Systems in the metastable state are character- 
ized by greater stability. Their existence is characteristically influ- 
enced by other substances, however (consult Principles, pp. ii6, 
127, 214, 438). 

The analyst has frequently to deal with conditions of supersatura- 
tion (§§ 87, 94) which come under the head of metastable states. 
Vigorous shaking and rubbing the wet walls of the containing ves- 
sel with a glass rod are generally employed to obtain a precipitation 
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in cases where the supersaturation is persistent. The masi effective 
and least objecli&nnbk method, however, is the introduction of & 
very minute quantity of the solid itsetf: method of inoculation. For 
purely practical reasons the active substance is mixed with an indij- 
fermt solid in order to effect the introduction of the smallest possible 
amounts. 

Experiments with specially dilute solutions of a potassium salt will best- 
itlustrate the activity of such an inoculating mixture (| lOO). It is advisable 
to keep some always in stock. The quantity of the mixture which will pn>^ 
duce the desired result when introduced into the liquid on a platinum loo^ 
will var>^ from 1-3 milligrams. Hence the weight of potassium hydroge*^^ 
tartrate actually used is only 0.0 1-0. oj milbgrams. Mixtures* which contair'^ 
a still smaller percentage of cream of tartar will also be active in many cases ^ 
The one per cent mixture is nevertheless more trustworthy and hence moit-^ 
advisable, 

ro5. For sodium ion the test with dipotamum dihydrogen pyro- -^ 
aniimonale (§ iDo) is the most important. 

Use is also made of the insolubility of potassium chloroplatinatc 
in aqueous alcohol to separate potassium- and sodium ion. Sodium 
chloroplatinate dissolves in alcohol. When the solution is slowly 
evaporated it crystallizes in triclinic columns or plates. 

106, Flame reactions. The salts of the alkali metals as well as 
barium, strontium and calcium salts, give off colored vapors which 
serve to identify these metals. To carry out flame tests one end of 
a platinum wire is sealed into a glass lube and the other end is bent 
into a small loop. The loop is heated red hot and is then brought 
in contact with the solid substance under investigation. The salt 
melts to a bead in the flame. 

In case a solution is to be tested in this way a drop is taken up on 
the platinum loop which is slowly brought near the flame until the 
solvent evaporates. Care must he taken not to let the liquid boil 
because it will then spirt and so occasion a loss of the solute. The 
evaporation residue is finally treated like the bead. It is heated to 
redness in the hottest part of the bunsen flame, the fusion z&ne, 
adac, Fig. 6, which reaches a temperature as high as 1800° C. The 
glass tube into which the platinum wire is sealed may be conveni- 
ently attached to the end of one of the wires of a wire filter stand, 

'Concerning the lowest limits with which incMrula^tion can be effected^ detailt^l 
information is given in Ostwald^ Gmndriss der aUgemeinen Chtfmie» 4th Eijitioi], 
p. 364. Ckmsult ako Zeitschrift fur phyailcaiisehe Chemie, 3 a, i&q, 1897* 
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^ piece of rubber tubing of suitable dimensions drawn over the wire 
^rves to increase the friction between the wire and glass tube, and 
tiius affords a more solid support, Fig. 7. 

Volatile sodium compounds (chlorides, carbonates, nitrates, sul- 
phates) impart a deep yellow color to the bunsen flame. Interpos- 
ing a crystal of potassium dichromate or a solution of this salt be- 





{^^ 



Fig. 6. 



Fig. 7. 



^Ween the eye and the flame affords a ready means of distinguishing 
^'^^ sodium color. The crystal or the solution appears then a bright 
^^ dark yellow.* In place of this a piece of paper, i cm. square. 
Pointed with mercuric iodide, may also be used. The paper may be 
^^^«iched adjustably to a wire that is riveted to the tube of a bunsen 
^^Urner. By illuminating the paper, first with the light from the 
_>Owing platinum just beyond the bead and then with that sent out 
**5Sin the bead alone, extraordinarily minute quantities of sodium 
^Hpor may be sharply detected. 

The detection of sodium compounds in this way is so delicate that 

*The phenomenon is due to the fact that an object appears of a definite color only 
^hen it absorbs light rays. Now potassium dichromate absorbs all rays of 
'^he spectrum up to red and yellow. Therefore when a crystal of potassium dichro- 
^nate is illuminated, not with white light, but with yellow which does not 
\>ass through the crystal, only that fraction of the yellow light reflected from 
the surface will meet the eye. If the crystal is simultaneously penetrated by white 
light it will appear a more intense yellow. 
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0.0004 milligrams of sodium chloride sufEce to give a distinct color 
(Bunsen), Hence for the sake of analytical practice the chemical 
test is to be preferred wherever it is practicable. 

Potassium compmmds impart a blue color to the bunsen flame. 
The flame test will detect 0.0002 milligrams of potassium chloride- 
However, many substances which make the bunsen flame luminous^ 
also give it a color similar to that imparted by potassium compounds- 
AU organic compounds which separate carbon during combustioit 
act in this way: Volatile or combustible substances may be removed 
by heating the wire to redness just before the test is made. 

Sodium compounds obscure the characteristic color of the potas- 
sium flame* If a substance w*hich absorbs the yellow rays of the 
sodium flame is interposed between the eye and the flame, the detec- 
tion of potassium compounds will not be aflFected. Cobalt glass or 
indigo solution contained in a prism-shaped glass vessel' are used as 
an absorbent for the yellow rays. V^iewed from the thinner to the 
thicker end of the prism the potassium flame appears sky blue, violet 
or carmine red. [Through cobalt glass the color appears carmine 
red. The non-fuminous bunsen flame appears blue through cobalt 
glass. This is frequently regarded as the potassium color by inex- 
perienced obser\'ersJ 

The detection of potassium and sodium in non-volatile compounds. 
as silicates, will be considered in J 172 on the Hempel method of 
reduction. 

The above-mentioned flame reactions of barium, calcium and 
strontium are not so delicate because their compounds are less vola- 
tile. The chlorides are the most volatile of their salts, hence they 
give the plainest flame tests. How^ever, the light sent out by the 
vapors of their compounds is of more complex character than that 
sent out by the vapors of the corresponding alkali salts. Therefore 
the distinctions are less sharp. To identify them with certainty re- 
course must be had to a special means which permits a further 
decomposition of light into its components, 

107. Sp e c t rum a n a ly s i s . T h a t su bdivision of a naly tica I c h emis- 
try which deals with the means of decomposing light emanating 
from the vapors of different substances is termed spectrum analysis, 

'According to Bunsen. Liebig's Annalen, itij 266, 1859^ the infiigo j^^jlutlon con- 
tains I g. ifldigo di&solved in 8 g. fuming sulphuric acid und th<jn diluted with 
water to i^oo-aooo cc* 
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Since spectral methods arc rarely ysed in introductoiy courses of 
l^ialitative analysis, a detailed description of the apparatus serving 
lo produce the vapors and to decompose light into its components 
will be omitted. 
The mmimal quantities which can be detected by the colors of the 

I'apors can be reduced much further with the aid of spectrum 

an^lysis^ 

3o8. Ammonium ion* The solution left after removal of the 
ottier cations does not serv^e for the detection of ammonium ion, 
b^crause ammonium salts have been introduced in precipitating cer- 
ta^in groups. Therefore a speciai test is carried out for ammonium 

^'c>xn by heating a little of the original solution with alkali hydroxide 

^^r^«l holding moisimeil red litmus or turmeric paper in the vapors. 

A^llali hydroxide reacts with ammonium salts according to the 

ec^ -Ration; 

*- %\t resulting ammonia turns red litmus blue and browns turmeric 
F^'^pen A strip of filler paper moistened with mercurous nitrate 
^^-*lution may also be used in place of litmus or turmeric. It is 
^^ 1 ackened by ammonia. 

Errors often result from carelessness in carrying out the experi- 

*^*^ent. They are avoided by performing the test in a tall narrow 

*^^akcr without a lip. This is covered with a watch glass on the 

^^x^nvex surface of which is fastened the reagent paper moistened 

^^^^^th water. Spirting of the alkaline liquid can be avoided by gently 

"^■^varming^ best on a water-bath* Furthermore^ diffusion of iheam- 

*>ion[a to the outside takes place slowly under these conditions, and 

^encc the time during which the test paper is in contact with the 

'^^apors is lengthened. In this way the test is made more delicate. 

109. The reactions of ammonium ion resemble those of potas- 
ium ion. Ammonitim chlorophtinate and ammonium hydrogen tar- 
trate are difficultly soluble. The color imparted to the flame by 
J^otassium salts on the one hand* and the formation of ammonia from 
ammonium salts through the action of alkali hydroxide (§108) on the 
^ther hand» ser%^e to distinguish them, 

**Nessler's reagent," an alkaline solution of potassium mercuric 
iodide, K^Hgl^, affords a particularly delicate test for ammonium 
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ion. It yields a red brown precipitate with ammonium salt solutions. 
Very small quantities are indicated by a yellow brown coloration. 
The precipitate has the composition NHgJ.HjO. It is formed ac- 
cording to the equation: 

NH,OH+2K3HgI,4-3KOH = 

NHgjLHjO + 3H,0+7KI. 

By leaving out the ions which undergo no changes the equation 
assumes the following form: 

NH; + 2HgI/- + 4OH- = NHg,LH,0 + 3H,0 + ^V. 

This reaction is specially important iix testing the value of natural 
waters for drinking purposes. The presence of ammonium salts 
indicates that the water has been in contact with substances whicfc^ 
produce ammonia through the spontaneous changes which they un^ " 
dergo. In particular this is true of organic substances undergoin^^ 
decay. Consequently when the ammonium salts exceed a certai^*^ 
limit — fixed by law — the water must not be used for drinking pui — '^' 
poses. 

[Care must be taken to have the solutions dilute in carrying ou-^cjt 
the ammonia test, owing to the excess of alkali in Nessler's reagen»^ .t. 

Otherwise hydroxides may be precipitated and inexperienced oLc ^- 

ser\'ers frequently mistake this precipitate for the ammonia reaction ^j. 
By distilling the ammonia into Nessler's reagent this trouble ma^^y 
be avoided.] 



PART II. 

TESTING A SOLUTION FOR ANIONS. 

Characteristics of the method. The procedure which has 
iopted for the solution of the problem now before us differs 
liat described in the preceding paragraphs. Although the 
are also divided into group precipitates in accordance with 
ihavior towards definite reagents, the groups are not syste- 
ly separated. The reactions which characterize the various 
merely indicate the presence or absence of anions belonging 
one of them. 

subdivision into groups is based upon reactions with three 
Accordingly the grouping is defined within narrow lim- 
omparatively few experiments in addition to the group test 
ermine, as a rule, which components, are present and which 
king in a given group. Occasionally the observations re- 
with the group reagents are alone sufficient for this purpose. 
iiff, lead and silver are the cations which yield the informa- 
eded for subdividing anions into groups. Solutions of the 
. of these metals are used. Barium chloride and lead acetate 
«> be substituted for the nitrates in the cases of Ba" and Pb" 
ively. 

following are the characteristics by means of which anions 
ng to individual groups are identified: 

ip I: the barium salts are practically insoluble in hydro- 
chloric acid (§ III); 

ip II : the barium, lead and silver salts are soluble in hydro- 
chloric and nitric acids. The barium and lead salts 
are only slightly soluble in acetic acid (§114); 

ip III : the barium, lead and silver salts are in part quite 
readily soluble in water. All are readily dissolved 
by acetic acid (§ 126); 

ip IV : the barium salts are readily soluble, the silver salts 
but little soluble in water. The latter are not dis- 
solved by nitric acid, but are dissolved by ammonia, 
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with the exception of silver iodide and silver ferr^^- 
cyanide (J 140); 
Group V; the barium^ lead and silver salts are readily sd^de 
m water. 

The above statements concerning the behavior of the precipitates towarcis 
hydrochloric and nitric acids, or towards ammonia, are wholly ^iigue unl*?^^ 
the quantities of salt, the behavior of which towards the added substance i^ 
to be tested, are defined, as well as the volume of the solution added, ^ 
particular note of warning must be sounded against the view that a salt, s^y 
the barium precipitate of a first group anion, does not dissolve at all in hj*df<!>^ 
chloric acid when it is stated that it is practically insoluble in hydrochlori- ** 
acid : or that another salt, for instance, the barium salt of a third group linior*- » 
will dissolve completely in any volume of acetic acid, when it is claimed th*- ^ 
the barium salts of third group anions are soluble in acetic acid. To dissol 
such a precipitate a definite minimal amount of acid is always requiret^-^ 
Hence at least this amount of acid must be used in bringing the precipitate 
into solution, otherwise errors will arise. With respect to the barium sail 
that are practically insoluble in hydrochloric acid it follows that a definii 
amount of the precipitate also dissolves in the definite volume of hydrochloric 
acid that is added* In this case^ however, the quantity of hydrochloric adiS 
^hich will completely dissolve a given amount of salt is dis pro port wnalel}*^ 
greater than with the barium salts of second group anions. Also the quan- 
tity of acetic acid which dissolves a definite amount of the precipitated salts 
is disproportionately greater for the second group precipitates than for those 
of the third group. 

As will be seen from what follows, testing for the anions of a solution 
deals with the behavior of unknown salts in unknoivn quantities. Hence in 
studying the action of added substances on the predpitntes an ej^act estimate 
of the amounts that are requisite to effect solution is needless. It suffices to 
estimate them approximately. For example, the quantities of second group 
barium salts obtained by precipitating 2-4 cc. of a given solution with barium 
chloride or -nitrate will dissolve completely and readily in 10- so cc. of dilute 
hydrochloric acid. In case a slight residue remains after this treatment, it is 
tested again with some more acid to see if all will go into solution. The 
amount of a barium precipitate with first group anions which dissolves in this 
volume of acid can be detected only by using special precautions, 

A similar relation, varying more or less from one pair of salts to another, 
however, is found in the behavior of barinm salts of third and second groyp 
anions towards acetic acid, and also in the behavior of silver salts towards 
ammonia. 

The tests for anions are carried aul with a nadral solution, to 
which solutions of the three typical cations are added. Nitric acid 
serves as the neutralizing agent in the majority of cases, where the 
given solution has an alkaline reaction, A special f&rtimi of the 
original solution, or of a solution prepared according to jj l8i, must 
then be taken to test for the nitrate tmi. It may be neutralized with 
acetic or dilute sulphuric acid. 




TESTIXG A SOLUTION FOR ANIONS. 1 29 

Litmus paper serves as the reagent for testing neutrality, a neu- 
tral solution changing neither red nor blue litmus. It very seldom 
happens that an alkaline solution is made exactly neutral by adding, 
say nitric acid. In most cases the point of neutrality will be ex- 
ceeded. The excess of acid must then be neutralized with a base, 
ammonia being the best to use for this purpose. After a little prac- 
tice a given solution may easily be made very nearly exactly neutral 
ta this way. 

The chief difficulty met with in carrying out the above operation lies in the 
addition of the small amounts of liquid (acid or base) that are used to effect 
neutrality. It is easily overcome, however, by dropping the solution from a 
glass tube instead of from a reagent bottle, which is not readily manijiulated 
^ deliver a drop at a time. The dropping tube is conveniently made from 
^ piece of glass tubing, 5-8 mm. in diameter. The one end has its edges 
'"Ounded, while at the other end the tube is drawn down to a point with a 
suitable orifice. The acid or base is filled into the tube by suction, and when 
'ull the upper end is closed with the index finger of the hand holding the 
^ube. Then the liquid can be suitably dropped by regulating the pressure of 
^^^ finger. In order to avoid frequent cleaning it is advisable to have two 
s^ch dropping tubes, one for acids, the other for bases. They may be distin- 
guished by giving them different dimensions or by etching with hydrofluoric 
at-^d (I 118). 

Another means of arriving easily at the neutral point consists in the use 
^^ ciilute solutions for neutralizing. Then very small amounts of acid or base 
"i^y be added and the danger of having either in excess is much lessened. 

The precipitates are tested as follows with respect to their solu- 
l^ility in acids. 

-Acetic acid is first added to the solution containing the barium 
Precipitate in suspension. In case a residue is left hydrochloric acid 
^ then added, or else a fresh portion of the precipitated solution is 
^^Icen for this experiment. Complete solution in acetic acid indi- 
^^t:es that only anions of the third group are present. A partial 
dissolving is recognized by the accompanying decrease in the 
^r^ount of precipitate left. Similarly anions of the second group 
^^e indicated when hydrochloric acid completely or partially dis- 
^^i'ves the residue insoluble in acetic acid. A residue not dissolved 
^3^ hydrochloric acid contains anions of the first group. 

The behavior of the silver precipitate towards nitric acid serv^es 
Particularly to characterize fourth group anions. 

The notes given in the last column of table TI on the tests for 
^^ions, together with the results of preliminary tests (§§ 170-178), 
9 
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are of service in determining the anions of the fifth group and 

for identifying those of the other groups- ■ 

The above- mentioned differences in the behavior of memfeei 
the various groups makes the tests for anions quite simple i^ 
only one non-metallic component is contained in the solution* V 
ilaxly the problem is still simple when several anions from the s 
group are present. Difficuhies arise, however, if the solution 
tains several anions belonging to different groups* In this ca 
is necessary to fall back upon* differences in the solubility of ar 
gous salts, which are not at all sharply marked- M 

It is at once evident that the difficulties relate to that anion, the sa 
which reacts more readily, i. e. to greater extent , with the added subat 
(acid or ammonia). For the less soluble salt remains bchit^d^ and iron 
fact that a residue is left it is clear that the precipitate contains an a 
which is not brought into solution by the added substance. In paiti^ 
only indefinite conclusions may be drawn from the above-mentioned im 
iion of the partial solubility of a barium or lead precipitate in acetic or hj 
chloric add, or of a silver precipitate in ammonia, which eon^stsin ^iUc 
of the quoniity of the precipitate. It always seems as if the amotinl of 
cipitaU decreases upon addition of acid or ammonia. This is true even i 
only a slight reaction takes place between the added substance and the 
cipitate, and in consequence the decn^ase in the quantity of the precipiti 
also very slights It is the case because the precipitate is distributed thr 
a larger volume of liquid, and is noticed in particular when the precip 
remains in suspension. But even when quick settling takes place, the est 
tion of the amount of precipitate from the height of the layer in the test- 
is by no means accurate. 

The uncertainty is still more pronounced when the anion which neac 
greater extent with the added substance by reason of the greater solul 
product (5 91) is contained in proportionately small amount as comi 
with the anion, the precipitate of which is less {soluble. fl 

The following procedure affords a more certain distinction in i 

cases, A few cc. of the solution (HCl, NHj, the action of w 
on the precipitate is to be studied, are added to the liquid contai 
the precipitate in suspension* The mixture is allowed to reac 
a few minutes with frequent shaking. Then the undissolved res 
is filtered. The substance that brought about the solution is 
removed from the (clear) filtrate and it is noted if a precip 
results. Acids may be neutralized with ammonia,* and in cei 

Uf a silver precipitate Is tested in this w^y it muist be remembered thafl 
cesft uf ammonia will redissolve the precipitate which would form on m 
netitraliiing the acid [exceptions fijre Agl and Ag|Fe(CN)(. The silver prectp 
do not offer any advanta^e^ over barium or lead precipitates, however* 
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ca-ses with sodium acetate (compare § 114). (Why is it not per- 
missible to use potassium or sodium hydroxide in place of ammo- 
nia. ?) Ammonia may be removed by evaporation or by neutraliza- 
tion with an acid. For this, however, no acid may be used which 
yields a precipitate with silver ion, for example, hydrochloric acid 
(wrhy?). 

It is clear that the delicacy of this test may be still further increased by 
eva.poratingthe filtrate to a fraction of its original volume before adding the 
nexxtralizing agent. 

-A. clear filtrate is obtained by precipitating from a hot solution to begin 
wit;!; (compare } 115). Consequently it is advisable to heat the solution which 
is iDeing tested with Ba", Pb'* or Ag* to the boiling point, and then add the 
pi">ecipitant to this hot solution drop by drop. 

-Acid or ammonia is allowed to react only after the solution (plus precipi- 
tate) has cooled. The table giving the behavior of precipitates towards sol- 
vexTts relates to room temperature. 

GROUP I. 

jii. Sulphate-, SO/% and fluosilicate, SIF/', ions yield with 
'>^-rium ion a white precipitate, practically insoluble in hydrochloric 
^crid. To identify fluosilicate ion in the presence of sulphate ion the 
Property possessed by the former of yielding a precipitate of potas- 
sixim fluosilicate (§ 103) with potassium ion is important. 

The hepar reaction described in §5171-172 is essential to the 
^'^ dependent identification of sulphate ion. This test may be carried 
oxit with the barium precipitate. 

-Xead salts exhibit some phenomena further characterizing the sul- 
F^tiate ion, which may be utilized to distinguish these two ions. Lead 
^^^-dphate is fairly readily soluble in concentrated nitric acid. Repre- 
^^ J>itation takes place, however, on diluting the solution or clear fil- 
^^^^Ste (§ 112), or better, by driving off the acid. Lead sulphate is 
*^^-^xther readily soluble in potassium hydroxide and in a solution of 
^ Ammonium tartrate. From these solutions hydrogen sulphide pre- 
^^jpi\jaXes lead sulphide (see § 14). 

112. Sulphate ion and sulphuric acid. Dilute sulphuric acid or 
^-liali sulphate solution containing one formula weight of SO^ in 20 
*^i't:ers may be used for the following tests. 

The two diflicultly soluble sulphates of barium (5 47) and lead 

^*^ case third group ions are to l)e distinguisheti from those of the second 
^■^'oup, the difficulty may be avoided by investigating the barium or lead precipitate 
"*-** stead of the silver precipitate. 
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(§ 14) are distinguished by the fact that the latter is quite reac 
soluble in acids/ 

This is readily shown by precipitating lead sulphate and then pouring c 
centrated hydrochloric or nitric acid over the precipitate. Gently warn 
the acid hastens the reaction. Chi decanting the liquid from any residue t 
is left and diluting the clear solution with water, a precipitation of lead 
phate takes place. 

The above fact may seem surprising. In view of the phenomena hith( 
met with, according to which nitric and sulphuric acids are considerec 
equally strong acids, the reason for the present observation is not at c 
evident. From the facts already mentioned no reaction is known by wl 
the concentration of the ions formed from the precipitate is altered. Ne' 
theless a change in concentration does take place and this, in conjunction ^ 
other phenomena, has produced a broadening of our views concerning 
dissociation of sulphuric acid, whereby the solubility of lead sulphate in hyc 
chloric, nitric or concentrated sulphuric acid becomes comprehensible, 
cording to this broader conception sulphuric acid and other polybasic' a< 
do not dissociate into ions in only one simple way, as is expressed by 
equation : 

HaSO,4=t2H -l-SO/' 
but they dissociate in successive stages : 

HaSO,?=^H -HHSO/ (: 

and HS0/i=fcH-4-S0/' {: 

Therefore the concentration of the sulphate ion, SO^", is not related q\ 
simply to the concentration of the hydrogen ion and non -dissociated sulphi 
acid in accordance with the law of mass action, but the "strength" (thai 
the proportionate further dissociation) of the ion HSO^' also comes into pi 
If this has the character of a weak acid' the concentration of the ion S 

*For the reasons given in { gz an excess of dilute acid will render the precij 
tion of lead ion more complete. The effect is limited, however, by the solub 
of lead sulphate in dilute acids. Hence the solubility of lead sulphate in di 
sulphuric acid passes through a minimal value. 

^ Di- and polybasic acids are those which contain two or more combining weij 
of hydrogen per formula weight of acid. Each combining weight of hydrc 
can react with a base to form water according to the equation: 

As will be seen from later examples this latter point is very essential to 
adequate application of the term (compare fi 129). 

* Indications of this are afforded by the fact that a solution of sodium sulpl 
shows an alkaline reaction towards phenol- ph thai ein, which becomes more evic 
on warming the solution. The reaction is: 

SO/-|-H*OH'^HSO/-f OH'. 
It states that the concentration product of SO J' an«l H* ^from its value 
water) is large enough to cause the formation of practically perceptible amount 
the ion HSO/. 
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may have a quite small value, although dilute sulphuric acid has the charac- 
teristics of a strong acid on account of the extensive dissociation according 
to (2a). If the concentration of hydrogen ion is increased by the addition 
of another acid, the dissociation according to (26) is considerably influenced 
in the sense of a decrease in the concentration of the sulphate ion. 

This reaction also takes place when sulphate ion is introduced into a solu- 
tion which contains a corresponding amount of hydrogen ion, but in some 
other way, for example, by dissolving a sulphate. More lead sulphate will go 
into solution as soon as the concentration value of sulphate ion sinks below 
its value in the saturated solution of lead sulphate, in consequence of the 
reaction ♦— according to (26). The reaction between a difficultly soluble 
sulphate and hydrogen ion follows the equation : 

H-f MSO, 4=±M" + HSO/ (3). 

The extent to which it takes place depends accordingly upon the concentra- 
tion of the ion SO^" (and hence upon the solubility product of the sulphate), 
and also upon the concentration of hydrogen ion. The increase of concentra- 
tion of the metallic ion caused by the reaction produces a decrease in the 
amount of sulphate dissolved (compare } 90) and thus limits the dissolving 
action. 

The fact that barium sulphate is practically insoluble in acids shows that 
the concentration of the sulphate ion is very slight in the saturated solution 
of barium sulphate. 

The above explanation for the dissolving of lead sulphate by concentrated 
acids may be applied only to those cases where the relations justify the as- 
sumption that hydrosulphate ion, HSO^' is formed. This interpretation 
^ould not be applicable, however, to the dissolving of lead sulphate by very 
^^ncentrated sulphuric acid, since anhydrous or nearly anhydrous sulphuric 
^^ui is not sufficiently dissociated into ions. Therefore the dissolving could 
'lot be referred exclusively, nor even for the most part, to the formation of 
the icn HSO^'. It stands, however, in a simple relation to the formation of 
^o<i hydrogen sulphate, which takes place according to the equation : 

PbSO, + H,SO, = Pb(HSO,), (4). 

^y diluting this system with water, lead hydrogen sulphate that remains in 
^^l^tion dissociates chiefly as follows : 

Pb(HS0,)2 = Pb" + 2HSO/. 

**^ri.ce the explanation of the dissolving of lead sulphate in concentrated acids 
^^t, only is not opposed to that holding for the dissolving in nearly anhydrous 
^^*I>himc acid, but stands in a close relation with it. 

. ^^onceming the solubility of lead sulphate in ammonium salts, particularly 
Ammonium acetate and ammonium tartrate, consult § 14. 

^13. The properties of fluosilicate ion : SiF,''. A solution of 
^^osilicic acid is used for the tests, since its salts are rather diffi- 
cultly soluble. Fluosilicic acid, HjSiF,, is a strong dibasic acid. 

•Barium", potassium- and ammonium ion form precipitates of the 
corresponding salts. 
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Fluosilicates decompose when heated with concentrated sulphuric 
acidt forming hydroflyoric acid» H^ Fj^ «ind silicon tetrafluoride, SiF^, 
Hence they give the reactions characteristic of fluorides (J II7J 

under these conditions. 



GROUP IL 

114. The anions of this group comprise: oxalate- (CjO/^t 
fluoride- {F')* chromate- (CrO/0. dichmmate (CrjO/'), sulphite' 

(SO^'O and thiosulphate ion (SjOg''), In mutral solution the}' 
yield with Ba", Pb" and Ag precipitates which are soluble in dUuit 
hydrockloric or niiric acidt insoluble in aceiic acid. The anions ol 
this group are distinguished from those of the first group by \ht 
solubility of their barium precipitates in hydrochloric or nitric add, 
from third group anions by the insolubility of the precipitated bariuni 
salts in acetic acid* 

The following is the practical method of determining wheth^^ 
members of the second group are contained in the given solution o^ 
not. The barium precipitate is first dissolved in hydrochloric acid * 
To this solution sodium acetate is then added drop by drop. A pr^^ ^ 
cipitate forms at once or after a few minutes if any of these anion ^ 
are present.^ Hydrochloric acid must be added only drap by dro^^ ' 
In case the barium precipitate does not dissolve completely in dilut^^ 
hydrochloric acid owing to the presence of first group anions, th^^ 
liquid and precipitate are separated by filtration, and ih^ filtrate 
tested with sodium acetate. The means of identifying individua 
anions of this group will be evident from the following paragraphs. 

1 15* Filtration of barium sulphate. On attempting to separates^ 
** freshly precipitated" barium sulphate from a liquid by means oE^ 
filtration, it almost always happens that the filtrate runs through^ 
cloudy, i. e. that the precipitate goes through the filter. This is due^ 
to the fineness of the barium sulphate grains^ which are not held 
back by the coarser pores of the filter. The simplest means of 
overcoming the difficulty (which also suffices in most cases of this 
nature) consists in forming larger crystals by keailng the solulion 
before precipitating it with Ba'\ and by adding the barium salt drop 
by drop to the hot solution until further precipitation ceases. If 
necessary a double filter is used* It is made by folding two filters 



'A separation of haHum hydrogen phospk^Ue may also take place. The means 
ol distinguishing whether this is the case or not will be consiilertvi in f 117. 



TESTING A SOLUTION FOR ANIONS. 



together so that three layers of the paper lie against each half of 
the funnel. 

Still another way of overcoming the difBculty consists in leaving 
the precipitate in contact with the solution for a long time. The 
snialler grains of barium sulphate go over into larger crystals. The 
transformation is due to variations in the solubility of different sized 
grains* The smaller are more readily soluble and hence dissolve 
more quickly and more abundantly. They vanish, while the larger 
grains grow. The barium sulphate which has gone into solution 
through the dissolving of the smaller grains reprecipitates upon the 
larger grains. 

The freshly forined precipitate is made up of grains of different si^c. Ehir^ 
ing the first stages of the separation the precipitate forms more quickly than 
in the later stages. The velocity of formaLion of a solid influencei* the size 
of Its crystals in the sense that the cryst&ls are larger the more slowly they 
form. 

According to what has been stated an hnmr table condition (equilibrium) is 
»w?l reached when the formation of the precipitate ceases to be macroscopically 
luisible. For a solution which is satutaUd with respect ta small grains ^ i. e. 
is in equilibrium with them, is supersaturated with respect to targe crystals 
<as has been mentioned). Hence the dissolved substance will continue to 
separate on the surfaces of contact between the large crystals and the liquid 
until these are in equilibrium with the solution. Since the solution is now 
unsaturated with respect to the small crystals, more of them will go into solu- 
ticjn* The dissolving of the small crystals and the growth of the larger will 
continue nnlll mtl the crystals have the same size» or at any rate di0er very 
little in size. 

Thus smaller grains will have vanished and larger grains will have formed 
as the result of leaving the precipitate in contact with the solution for a long 
lime* and of agitating it. 

For practical purposes it suffices to keai the precipitate in contact 
with the liquid for 30-30 minutes^ The transformation will cer- 
lainly not ha%*e gone to an end in this lime, but it will have pro- 
ceeded far enough for the purposes of filtration. Heating and 
frequent stirring essentially favor the equalization of concentration 
differences la the neighborhood of the crystals and also favor pre- 
cipitation and dissolving. 

116. Reactions of oxalate ion and oxalates. The hydrogen 
compound, '* oxalic acid," C^H,0^, is a dibasic acid belonging to the 
medium slnmg acids. It is siranger than acelic add, but is weaker 
than hydrochloric or nitrk acid. From this is explained the beha- 
ior of different acids towards barium oxalate. The reaction: 
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BaC^+ 2H-?sBa'* + H,"C,0/', 



I 



takes place to a major extent only when the acid that is added to 
the oxalate contains enough hydrogen ion to cause the formation of 
non-dissociated oxalic acid in noticeable quantity. 

To dissolve lead oxalate in nitric acid requires a greater volume 
of acid than is needed to dissolve barium oxalale. This indicates 
that the saturated solution of lead oxalate contains less oxalate ion 
per unit volume than the saturated solution of barium oxalate. 

Silver oxalate dissolves in dilute nitric acid, but is not very soluble 
in acetic acid. 

With the ions of the trivalent metals, aluminum, chromium ai»- '^ 
iron, oxalate ion forms complex ions which weaken the reaction:!:::^^ 
characteristic of these ions as well as those of the oxalate ion itsel \ 
In particular chromium oxalate is very stable. Hence the precipx::^ ''^' 
tation of chromic ion is rendered especially incomplete by the pre^^^" 
ence of oxalate ion. Barium ion precipitates barium oxalate fron^^"^ 
this solution only 071 long standing. 

Furthermore the great insplubility of calcium oxalate in watei^ '^^ 
is often utilized to identify oxalate ion. Even very dilute neutrom^^^^ 
solutions of oxalates give a white precipitate of calcium oxalate witlcr"^*^ 

soluble calcium salts. With calcium sulphate solution the precipi 

tate forms especially rapidly (compare § 125). When heated with^cr^ 
concentrated sulphuric acid solid oxalates yield water, carbon diox — — " 
ide and carbon monoxide. The latter burns with a characteristic '^^^ 
blue flame on igniting the escaping gases. 

Dry oxalates are also decomposed by merely heating them. At ^ 
first carbon monoxide escapes and the corresponding carbonate ^ 
forms. Thus, for example. 

CaC20, = CO + CaC03. 

Finally the carbonate decomposes into metallic oxide and carbon 
dioxide (compare § 95). 

The tests for oxalate ion in a solution containing the other anions 
of this group are given in § 125. 



117. Reactions of fluoride ion and of fluorides. Calcium- or 
barium fluoride is soluble in dilute hydrochloric or nitric acid, but is 
scarcely soluble in acetic acid. Lead fluoride behaves similarly. 
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These phenomena, together with others, lead to the conclusion that 
hydrofluoric acid is less dissociated than hydrochloric or nitric acid. 
Fluoride ion differs from the other halide ions by forming no dif- 
ficultly soluble compound with silver ion. 

The reactions which enable fluorides to be distinguished with 

certainty from the salts of other anions of this group depend upon 

the transformations which hydrofluoric acid undergoes with glass. 

When calcium fluoride is heated with concentrated sulphuric acid in 

a test-tube, hydrofluoric acid and silicon tetrafluoride are evolved. 

The latter is formed by the action of hydrofluoric acid upon glass, 

which contains silicates. If a glass rod is moistened with water and 

is held in the escaping vapors, it becomes coated with a white skin 

of silicic acid, due to the reaction : 

3SiF,4- 3H,0 = 2H,SiF,+ H.SiO,. 

Since this reaction occurs only vfiih fluorides or fluosilicates, it has, 
special analytical significance. Another test makes use of the 
changes produced by hydrofluoric acid upon a glass plate or watch 
glass with which the generator tube is covered. The surface com- 
ing in contact with the escaping gas mixture becomes roughened. 

118. Etching with hydrofluoric acid. The action of hydrofluoric acid upon 
^lass is very often utihzed in chemical laboratories for making marks on 
^lass vessels. To accomphsh this the portion of the object which it is desired 
to etch is gently heated over a bunsen burner and is thinly coated with 
paraffin or beeswax. Then the marks are made with a pointed tool through 
the protective coating down to the glass surface. By means of a feather or 
"brush they are painted with a solution of hydrofluoric acid or are exposed to 
the action of gaseous hydrofluoric acid for some time. Etches produced in 
the first way are clear, while by the latter method they are dull (Principles, 
p. 426). All traces of hydrofluoric acid are then washed off and the protec- 
tive coating is softened by heating and is wiped off. Very great care must 
be taken in working with hydrofluoric acid on account of the very painful 
burns it causes. The vapors furthermore attack the eyes. 

119. Reactions of chromate- and dichromate ion. Even when 
present as a chromate, chromium is detected in the third group, after 
reduction with hydrogen sulphide, by the method described for de- 
termining cations. It is nevertheless important to consider spe- 
cially the properties of these ions since the compounds of trivalent 
chromium are not infrequently changed Into this form (§ 57) and 
are identified by the properties of these ions. 
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For their relations to one another consult jS 98. Mention of the 
most important reactions and of the relations to the lower states of 
oxidation will suffice here. 

The red solutions contain chiefly dichromate ion, the yellow prin- 
cipally chromate ion. 

With barium ion they give yellow barium chrom-aie, practically 
insoluble in acetic acid, soluble in hydrochloric and nitric acid. 
With lead ion yellow lead chromate is formed, quite diflScultly solu- 
ble in nitric acid. Silver ion yields brown red silver chramak. 
Silver dichromate precipitates at first from concentrated dichromate 
solutionSt but it is transformed at higher temperatures spontane- 
ously into the chromate: 

Ag,Cr,0 , + H,0 = Ag.CrO, + H.CrO ,. 

Mercurous ion precipitates red mercurous chromate from chro- 
mate- and dichromate solutions. 

For the identification of this state of oxidation the behavior of a 
slightly acidified solution containing dichromate ion towards Avifffl' 
gen peroxide is of special importance. A blue color forms on mix- 
ing suitable quantities. It may be made more plainly visible by 
shaking out the solution with some ether, since the substance which 
has the blue color is more soluble in ether than in water. 

On account of its great delicacy this reaction is also used in test- 
ing for chromium compounds of the lower states of oxidation. The 
compounds are first oxidized with hydrogen peroxide in alkaline 
solution (see 5 55) and then this solution is tested as above given* 

The coloration is probably due to an unstable higher oxidation 
form of chromium.* An excess of dichromate or of hydrogen per- 
oxide destroys the color, since a decomposition accompanied by an 
evolution of oxygen takes place more readily under these conditions. 

120, The relations between chromate- and chromic ion- The 
relations expressed in cquatitms (3a) and (^b) of | 64 between 
dichromate ion and chromic ion dealt with the conditions under 

itlnvestigittionft by H, (i. liycr* uiu! E. R, Rdd, Am. Chem. J-, 33, 50 j. if^4t 
make it probable thul the tHimptitiJiil formvtl in this test is a derivjitive of pcj^hro* 
vti\€ acid* HyCrjOt, sUible only nt low tcinpunilufrs. Consult also K- A- Ht^f- 
mann anil H. Heindlmaier* Bcf. d, fls chetti, l^iTseUschalt. 3*, |05g. i!>05, iilso 
E* H, RiesenfcUl, \iH% dl., is;S,l 
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which the former is produced from the latter. These have now to 
be supplemented by the reverse transformation. This reaction takes 
place in the presence of hydrogen ion and a substance which can 
take up positive charges or give up negative. The general equation 
for the reaction is: 

Cr,0/'-M4H>i2Cr- +7H,0 + 60 (i)* 

For the sake of greater clearness the ions which undergo only an 
inconsiderable change of concentration are left out of the equation. 
With the transformation of one formula weight of dichromate ion 
+ fay cfcijg c n ion* into two formula weights of chromic ion + water, 
positive charges become mvmilable for six formula weights of a sub- 
stance or ion which can take up one positive charge. However, 
there must be present another substance which simultaneously takes 
up six positive charges for each formula weight of dichromate ion, 
or gives up six negative charges. In this way the condition is ful- 
filled that the same excess of positive charges occurs on each side 
of the equation. 

The explanation of the oxidation of hydrogen sulphide to sulphur on pass- 
ing the gas into an acidified solution of dichromate ion, and of sulphite to 
sulphate through the action of water, will help in understanding this reaction. 
In the first case the sulphide ion of hydrogen sulphide gives up its two nega- 
tive charges. Hence one formula weight of dichromate ion will oxidize three 
formula weights of hydrogen sulphide according to the equation : 

CrA" + i4H-+3S"-2Cr •-l-7H,0-l-3S (2).^ 

Similarly the transformation of sulphite ion + water into sulphate ion -h 
hydrogen ion takes place when a substance is present which gives up the 
necessary ionic charges to the hydrogen (compare equation 7 of the following 
paragraph) . Two positive charges are required for this, since a sulphite ion 
uses up one combining weight of oxygen. However, six charges become 
available upon the transition of one formula weight of CrjOy" into Cr'". 
Hence three formula weights of sulphite ion are oxidized by one formula 
weight of dichromate ion : 

Cr,0/' + i4H+3SO," + 3H,0 = 

2Cr"+3SO/' + 7H,0 + 6H- (3a), 

or CrA" + 8H ■f3SO/'-2Cr ••-f3SO/' + 4H,0 (3b). 

*Since the transformation of this into the trivalent form takes place only in acid 
solution, and chromate ion goes over into dichromate ion under these con- 
ditions (I 98). the following reactions are formulated with dichromate ion. 

^Occasionally a separation of green chromic hydroxide or of brown chromium 
dioxide or a hydrated form of the dioxide takes place when not enough acid is 
present. A sufficient amount of hydrochloric acid must always be added to ensure 
the desired reduction of chromate ion with hydrogen sulphide. 
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The following equation illustrates the relations for the oxidation 
by dichromate ion of no n- electrolytes and substances » the dissociation 
of which is not known with certainty : 



Cr,0/' + 8H"-H,0 + 6(OH) + 2Cr" 



(lb). 



Thus, for example, aldehyde is formed on healing an acidified 
dichromate solution with alcohol » C^H^O* The aldehyde volatilizes 
and is detected by its odor It has the composition C,H\Ot differ- 
ing from CjH^O by having two combining weights of hydrogen less. 
However, no gaseous hydrogen is formed in this reaction, but water 
results. One combining weight of oxygen (§ So) or two formula 
weights of hydroxy 1 are needed for the oxidation of two combining 
weights of hydrogen. Hence one formula weight of dichromate ion 
wUl oxidize three formula weights of alcohol in the presence of 
hydrogen ion. How is the equation for this reaction formulated' 

III. Reactions of sulphite Ion and of sulphur dioxide. The 
tests are carried out with a saturated solution of sulphur dioxide 
(see § 122), which is neutralized with potassium- or sodium hj- 
droxide* 

Barium ion precipitates white barium sulphite, readily soluble in 
dilute hydrochloric or nitric acid, but only slightly soluble in acetic 
acid. Lead sulphite behaves similarly. 

With nitric ajcid lead sulphite of course yields a clear solution, but it forms 
lead chloride with hydrochloric acid. Solutions of both the lead and baritun 
precipitates have the property of becoming clouded in contact with air. This 
is due to the formation of sulphate ion. and correspondingly of solid lead or 
barium sulphate, through the action of atmospheric oxygien. The fact that a 
freshly prepared solution of alkali sulphite occasionally forms with barium 
ion a precipitate, which is not completely soluble in hydrochloric or nitric 
acid, is also explained by a change of the solid salt into sulphate. Addition 
of some alcohol or sugar makes sulphite solutions more stable. These sub- 
stances retard the rate of oxidation by atmospheric oxygen (Bigelow). 

Silver ion yields a white precipitate of sUver sulpkiie which is 
soluble in acids, in ammonia, and also in an excess of sulphite. The 
latter phenomenon is probably due to the formation of a complex 
ion of the composition SO^Ag'. Neither this complex Ion nor solid 
silver sulphite are ver)' stable. Gray metallic silver separates on 
warming the solution containing this complex, or by heating the 
precipitate of silver sulphite with water. Sulphur dioxide and sul- 
phate ion are simultaneously formed: 
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2(S0,Ag)' = SO/'+ SO,+ 2Ag (l), 

2 AgjSO, = 2 Ag + so/' + 2Ag+ so, (2) . 

ifying a sulphite solution or pouring dilute acid over solid 
e causes an evolution of sulphur dioxide, which is readily 
ed by the smell characteristic of a burning sulphur match, 
formation of sulphur dioxide is analogous to the formation 
on dioxide by the decomposition of carbonates (§ 96). The 
iich first results according to the equation : 

2H>S03"i-H,S03 (3), 

Doses further into sulphur dioxide and water. 
ssium iodate is a more delicate reagent for sulphur dioxide, 
duced to iodine. The reagent is most conveniently used in 
owing form. Filter paper is cut into strips of suitable dimen- 
tid these are dipped in a solution of potassium iodate and then 
ch solution (§ 144). In contact with sulphur dioxide the 
led strips become blue. Sulphite ion and hydrogen ion which 
the solution of sulphur dioxide reduce the iodate ion, (lO/), 
le according to the equation: 

2l03'+5S03"+2H=2l+5SO/' + H,0 (4). 

ger action or with larger amounts of sulphur dioxide a decoU 
m will take place within a short time in consequence of a 
reduction of iodine to iodide ion: 

S03"+2l+H,0 = S0/' + 2r+2H- (5). 

summation of these two reactions leads to the following: 

2l03'+6S03" = 6S0/'+2r (6). 

apparently simpler equation expresses the quantitative relations be- 
le initial and resulting ions. In comparison with the two equations, 
% it is less complete since it does not indicate the special conditions. 
>r example, it does not show that hydrogen ion is necessary for the 
mation. 

bite ion + water also acts as a reducing agent towards many 
Libstances besides iodate ion and atmospheric oxygen. It re- 
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ducest for example, chromate- and permanganate ion. The oxid op- 
tion product of sulphite ion + water is sulphate ion + hydrogen 
|0n. The general equations for the reaction arc: 

so;'+H3O+20=so;-h2H^ C7>* 

and SO/'+H,O^SO;" + 2H>2(') C»> 

Accordingly the oxidizing substance must have the property of g-i"^^*- 
ing up positive charges or taking up negative. Ferric and mercu j~^«-c 
ion are examples of the first kind* They are reduced to ferrous a r"fc<i 
mercurous ion respectively. The decolorization of iodine affords ^■^ ^ 
illustration of the second sort; compare further the reduction ^^^^ 
arsenic solutions (§ 43). 



i 



122. Preparation of sulphur dioxide. Copper foil is cut ir^ 
strips and heated with concentrated sulphuric acid. The copp»- 
goes into solution, evolving sulphur dioxide: 



Z.0 

SI 



Cu + 2H,S0, = CuSO, + S0,+ H,0 



(1 



A 



The accompanying figure (8) shows how the experiment is set u 
The *' round bottomed" flask must be thick -walled. Rather mo 
than twice the quantity of acid determined by the above formula 
poured in through the thistle tube. The column of liquid remainir 
in the thistle tube forms a safety valve to let out the gas in case tt 
delivery tube becomes stopped* The flask is heated on a sand-bat -^^ 
by means of a large burner. To absorb any sulphuric acid vapor^^ 
that are carried over, the tube 'r* is filled with pieces of potassiur^^^* 
sulphate. It is transformed into potassium hydrogen sulphate (pc^'" 
tassium bisulphate) : 



K,SO, + H,SO,-2KHSO, 



(2)- 



The wash bottles are connected as shown in the diagram to keep the 
water that i^ used for absorbir^ the gas from flowing back into the 
three-necked Wolff" bottle (A), which contains concentrated sul- 
phuric acid. The experiment should be carried out under a hood 
or in a separate room, since a leakage of sulphur dioxide cannot, as 
a rule, be avoided by beginners. 

The saturated solution of ihe gas has the characteristic penetrat- 
ing odor of sulphur dioxide and turns blue litmus red. The solution 



TESTING A SOLUTION FOR ANIONS. 



143 



ontains sulphurous acid, a medium strong dibasic acid. Solutions 
f dialkali sulphites have a distinct alkaline reaction in consequence 
f the following reaction between SO," and water: 

503" + H,0 = HS03'+ OH'. 

Copper sulphate may be recovered as a bye-product from the above 
ea.ction by cooling the flask at the end of the operation and adding 
arefully twice as much water as there is solution in the flask. (The 




Fig. 8. 



^f:iuid will become quite hot on mixing with water.) The solution 
^ then warmed, if necessary, and any undissolved residue is filtered. 
C^he filtrate is evaporated to a smaller volume and is allowed to 
-lystallize slowly. 

123. Thiosulphate ion, S^Oj". For the test reactions a solution 
s used containing i/io formula weight of sodium thiosulphate, 
>^a,S203.sHjO, per liter. 

Barium chloride forms a white precipitate of barium thiosulphate, 
scarcely soluble in acetic acid, more readily soluble in nitric acid. 
The nitric acid solution becomes clouded on standing, in conse- 
quence of a separation of finely divided sulphur, owing to the reac- 
tion: 

S303" + H* = HS03'+S (i). 

Even the small quantity of acid which is formed by absorption of carbon 
dioxide from the atmosphere is sufficient to produce an opalescence in the 
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solution. Hence it is difficult to obtain a clear solution by filtration. In con- 
centrated solutions or with a large excess of hydrogen ion an evolution of 
suli>hur dioxide also takes place: 

S,0,"+ 2H- = H,0 + SO,+ S (2). 

Barium thiosulphate has the property of readily forming super- 
saturated solutions. \'igorous shaking will always bring about a 
separation of the solid, however. It is rather readily soluble in 
water. 

Lead acetate yields a white precipitate, soluble in an excess of 
thiosulphate and in nitric acid. 

SUver ion also gives rise to a white precipitate which dissolves 
in an excess of thiosulphate, owing to the formation of a com- 
plex ion which probably has the composition AgSjO,'. 

Solid silver thiosulphate and the complex silver thiosulphate ion 
are quite unstable. The former turns black ver\- quickly by reacting 
with water. Silver sulphide results and the solution becomes acid 
through the formation of sulphuric acid: 

Ag££,^H,0 = Ag£^2H-hS0/ (3). 

The solutiim of the complex becomes clouded on standing, more 
quickly when warmed. Separation of sulphur and silver sulphide 
takes place according to the ei]uation: 

.>.\gS,0,'-Ag£^SO;'^SO,-S (4K 

Like sulphite ion thiosulphate ion also acts as a reducing agent to- 
wards many substances, Tetrathionaie ion. S^O^", is formed as the 
oxidation product in these reactions. The general equations axe: 

.SA ^.>0=s,o/' (5), 

and >SaV ^S,0;'-.> /^ (6). 

The oxidation of thiosulphate ion to tetrathionate ion by means of 
another ion is acvvmj>ani^\{ by a loss of positive charges or a gain 
ot neyaavv. Ferric ion is an v>xidL5ing agent of the iirst sort. It 
^ives a red cvJoratioii with thiv>sulphate soludonsw On standing the 
cv>lor vanishes, hv>wever, thrv>ugh transirion of ferric- into ferrous 
ion. A ^>Iutioa of i^xline i:^ tvta>sium i^.xiide ,J 144^ is decolorized 
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by thiosulphate in consequence of the formation of iodide ion: 

2S,03"+2i=s,o;'+2r (7). 

This is an illustration of the second class of oxidizing agents. 

124. The identification of sulphite- and thiosulphate ion. 
These two ions have many properties in common and it is therefore a 
difficult matter to distinguish them. In particular difficulties are met 
with in identifying sulphite ion when thiosulphate ion is also present, 
the separation of sulphur upon acidifying a thiosulphate solution 
afifording a delicate and distinctive test for thiosulphate ion. 

From equations (5), § 121, and (7), § 123, for the oxidation of 
these ions by iodine, it is evident that hydrogen ion results from the 
oxidation of sulphite ion, while the solution remains neutral when 
thiosulphate ion is oxidized. This difference in behavior may ac- 
cordingly be used to detect sulphite ion in the presence of thiosul- 
phate ion, since it is an easy matter to detect an increase of the 
concentration of hydrogen ion through the resulting acid reaction 
of the solution. Hence to test for sulphite ion in the presence of 
thiosulphates the solution is neutralized and a solution of iodine in 
potassium iodide (the latter serves merely as solvent, § 144) is 
added drop by drop to it. Any excess of iodine which would inter- 
fere with the test for acid reaction, is removed by means of a little 
thiosulphate. 

The iodine solution is dropped from a tube similar to the one 
used for neutralizing (§ no), by regulating the pressure on the 
end of the tube with the finger. Then the action of the solution 
towards litmus paper is tested. If it turns blue litmus red the 
solution contains a sulphite. 

In doubtful cases the distinction is made certain by means of a 
parallel experiment in which only pure thiosulphate is oxidized by 
iodine. The change in the behavior of the solution towards litmus 
may be still more conveniently determined with a litmus solution 
by adding several drops to the original solution until it is colored 
pale violet. 

125. The detection of oxalate ion in the presence of other 
anions of this group. A good many difficulties Appose the conclus- 
ive detection of oxalate ion, especially in mixtures of salts containing 
several anions. Hence errors are not infrequently made in con- 
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nection with this point. The following method permits a practically 
conclusive identification of oxalates, even when salts conlaining all 
the other anions of this group are present. 

The procedure is the following. The solution to be tested (or 
these anions is heated with alcohol and dilute hydrochloric acid. 
By this means dichromate ion is reduced to chronaic ion, sulphite 
ion decomposes and evolves sulphur dioxide, while thiosulphate ion 
separates sulphur and also forms sulphur dioxide. The heating is 
continued until the alcohol is evaporated and the milky precipitate 
of sulphur has been changed to a form which filters readily. Chromic 
ion is then precipitated from the filtrate with ammonia and the 
chromic hydroxide is filtered. The solution thus freed from 
chromium is next acidified (see below) and is heated to boiling. To 
the hot solution barium choride is added drop by drop. A pre- 
cipitate formed at this point may contain barium sulphate, -fluosili* 
cate, -fluoride and -oxalate. It is filtered according to the directions 
mentioned in S nS and, after washing, is tested for oxalate ian as 
follows. 

The method is based upon the production of carbon dioxide 
through a reaction between barium oxalate^ permnnganuk ion and 
hydrogen ion. With baryta solution carbon dioxide gives a white 
precipitate of barium carbonate. 

A portion of the precipitate (or all of it) is heated in a test-tube 
with 5-10 cc. dilute sulphuric acid. By this means barium oxalate 
is changed into barium sulphate and oxalic acid. Permanganate ion 
is next added until the red color of permanganate remains per- 
manently (I 145)' The test-tube *a* (see Fig. 9) is immediately 
closed with a rubber stopper, through w^hich a delivery tube of the 
form shown in the diagram is passed. 

The long arm of the delivery tube dips below the surface of some 
baryta solution in the test-tube (b). To keep out air, w^hich also 
contains carbon dioxide, a plug of cotton wool is loosely fitted 
around the delivery tube at the mouth of {b). 

Since the volume of solution in (a) is rather large a considerable 
amount of carbon dioxide may be dissolved in it. By warming the 
solution, however, this is driven out. The generator tube is accord- 
ingly placed in a broader vessel (c) containing hot water. The 
result is therefore the formation of a w^hite precipitate of barium 
carbonate in (b) after a few minutes, if the first barium precipitate 
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contained barium oxalate. The barium carbonate dissolves with 
effervescence on adding acetic acid. The stopper through which 
(a) is led, must not close the tube (c) tightly, in order to allow 
the water vapors generated on warming (c) to escape. 

The method is not specially delicate. However, this disadvantage 
is at any rate partially compensated by taking a larger quantity of 
the original solution for the precipitation of the barium salts. 




Fig. 9. 

Mistakes are sometimes made in carrying out this test if the solu- 
tion from which the anions are precipitated by Ba", contains tartrate 
ion. For tartaric acid, which is brought into the solution by decom- 
posing the barium salt with sulphuric acid, is likewise oxidized by 
permanganate ion with evolution of carbon dioxide. The difficulty 
opposing the detection of oxalate- in the presence of tartrate ion, 
may be overcome readily in the following way. 

A small quantity of dilute hydrochloric acid is added to the barium 
precipitate obtained as above given. To the solution in hydrochloric 
acid, or the clear filtrate (if the precipitate contains the barium 
salts of first group anions it is not completely soluble in hydro- 
chloric acid) a solution of sodium acetate is then added in smalj 
portions at a time. This forms a precipitate of barium oxalate a^ 
once, even when only a small amount of oxalate ion is present 
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Barium tartrate may also precipitate under these conditions, when the 
volume of sodium acetate added is considerably in excess of that of 
the hydrochloric acid.^ Apparently barium tartate forms super- 
saturated solutions very readily. Hence if oxalate ion is not present, 
the precipitation either does not take place or occurs only after a much 
longer interval (hours), which practically amounts to the same thing. 

The delicacy of this test can moreover be increased by adding to the hydro- 
chloric acid solution or the filtrate about an equal vohime of a calcium salt 
solution. Calcium oxalate is much less soluble than barium oxalate. To 
avoid precipitating calcium tartrate, which might be mistaken for oxalate, 
the concentration of the calcium salt must be low. A solution containing 
0.015 gram combining weights of calcium ion per liter is very serviceabk. 
If this solution is made from calcium chloride, CaCl^dHjO, ^.^ g. are weighed 
out for a liter of solution. The nitrate may also be used in place of the 
chloride. Calcium sulphate is not suitable since it gi\'es a precipitate of 
barium sulphate with the hydrochloric acid solution of a barium precipitate. 

The only errors which could possibly arise with the above method would 
occur when tartrate and fluoride ions are both contained in the solution to 
be tested for oxalate. In this case the formation of a precipitate on adding 
calcium chloride of the abo%'e concentration, or sodium acetate, is not in itself 
a satisfactory criterion of the presence of oxalate ion, since calcium fluoride 
is likewise scarcely soluble in acetic acid. The precipitate obtained with 
calcium ion is then tested with permanganate as above given for oxalate ion. 

To prevent the separation of calcium tartrate as far as possible no more 
sodium acetate is added when enough precipitate is obtained for the further 
tests. 

GROUP HL 

126. The anions of this group give precipitates with the typical 
cations i$ no) in neutral solutions. The barium precipitates are 
soluble in acetic acid. These anions are distinguished from those of 
the following group by the solubility of the silver precipitates in acids. 
Use is occasionally made of this property to separate these anions 
from others. 

The sjHxial reactions are ot aid in identifying the individual 
members. The following anions belong h^v^i phosphate, arsenite, 
arsenate, borate, silicate, i'arbonate and tartrate (compare the table 
of tests for anions^ 

*In this oa$e it ?s 'u>tiriaMv to Um.- \"!x;!!to .1^ ji rrcasu-^ ot the qtxontity of hydro- 
vhtonv acivl aiu! m.vI»ui« uvvtaio on!\ x^'^cti t'."!e ^>I\:t'.«.*ns contaiii the same 
«U!Jitvr of lonnulsi >*vi^hl> ot Nn v'.iwM^rv acvi av...! >;.ti:u:ri acetate respectively. 
It the aoftsitc iN ou'v ha't vus vX'iKcnt'vit\.>.' .1^ :'"c .iv.--.: it \'a-t rw*ce the vohune of 
vuetdite wou\i Iv uso.1 to tian^^tv^tM t <«\v':> wlufc •: "^v- irvhloric acid into 
jiv*etic Jicid ^^vX^m^Mrv al>rt.» i 15$' 
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• The anions of phosphoric acid. A solution of disodium 
5en phosphate containing 1/20 formula weight of NajHPO^. 
> per liter is used for the tests. It has a slight alkaline re- 
since it is a little hydrolyzed according to the equation. 

2Na+HPO/'+H,0 = 2Na+(OH)'+H^O/. 

ium ion yields a precipitate of barium hydrogen phosphate, 
O^, which is very easily soluble in hydrochloric or nitric acid, 
jsolves only in a large volume of acetic acid. The precipitate 
ed with lead acetate is still more difficultly soluble in acetic 

fr phosphate, AgjPO^, has a yellow color. Towards acids it 

ke barium phosphate. The precipitate is also soluble in am- 

for the reason already mentioned in the case of silver chlo- 

! II). 

xiium phosphate gives a white precipitate with ferric ion. 

olubility product is very small. Hence ferric phosphate is 

:ally insoluble in acetic acid. When determining the cations 

•operty is occasionally utilized to remove phosphate ion from 

:ion instead of the method described in § 59. 

inesium ion + ammonium ion -f- ammonia precipitate mag- 

\ ammonium phosphate from phosphate solutions (compare 

and 102). 

monium molybdate precipitates yellow ammonium phospho- 

iate, (NHj3PO^.i2Mo03, from the solution of a phosphate 

)sphoric acid. The reaction is carried out in a strong nitric 

olution.^ The precipitate is soluble in ammonia and alkali 

ddes (compare § 206 on molybdenum). 

5 transformation preceeds rather slowly and is best accelerated 

rming the solution to 40° C. 

reaction has been mentioned already in § 58. It also serves particu- 
) test for barium phosphate in the prceipitate obtained according to 
ootnote. To make the test the precipitate produced by sodium acetate 
ed and treated with acetic acid. Not quite enough" acetic acid is used 
pletely dissolve the precipitate. Since barium phosphate is much more 

decomposed by acetic acid than the oxalate, fluoride or chromate, the 
late will go into solution for the major part in case these other salts 

•times a white precipitate of molybdic acid forms. It is readily brought 
ution again by adding more nitric acid. The amount of acid needed for 
s not influence the other reaction. 
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are also present. The solution is filtered from any residue and is evaporated, 
if necessary, with the addition of a few drops of nitric add to a small volume. 
It is then tested with ammonium molybdate and nitric acid. 

128. The dissociAtion of phosphoric acid. Complicated dissociation rela- 
tions have already been mentioned in the case of sulphuric acid ( § 1 12> . They 
are still more complex with phosphoric acid. In this case three stages of 
dissociation may be distinguished : 

H,PO, iiiH +H,PO/ (i). 

H,PO/?=fcH -l-HPO/' (2). 

HPO/' 5=4H-l-PO/" (3). 

As was stated in § 69 the solubility in acids of difficultly soluble phosphates 
which contain the anions HPO/' and PO/" in their aqueous solutions de- 
pends upon the degree of dissociation of the ions H,PO^' and HPO/', accord- 
ing to (2) and (3). The fact that salts of the types BaHPO, and Ag,PO, 
are soluble in acetic acid, although phosphoric acid is a stronger acid than 
acetic acid, indicates that the following reactions take place : 

BaHPO^+ H;=iBa" + H,PO/' (4). 

Ag£0, -h H^3Ag + HPO/' (5a). 

Ag,PO, -h 2H V^3Ag -K H>PO/ (5b). 

Now the concentration of hydrogen ion is very low in acetic acid of usual 
strength. Furthermore in the saturated solutions of these difficultly soluble 
salts the concentrations of the anions are likewise \-ery low. Hence the fact 
that the above reactions take place under these conditions indicates that the 
dissociation of phosphoric acid in the second and third stages is very slight. 
This also explains why a solution of phosphoric acid does not form precipi- 
tates with the ions Ba", Pb" and Ag'. The acid contains so few anions 
HPO/' and PO/" that the solubility product of the salts in question is not 
reached- Solutions of mono- and dialkali phosphates give precipitates with 
these cations. Hence they contain proportionately more of the anions 
HPO/' and PO/"- This is due to the smaller content of hydrogen ion, which 
permits a grater dissociation according to *2> and 43). The dissociation 
oi monoalkah phosphate in the first stage is as follows: • 

NaH J>0»?=^Xa * H,PO/. 

No hydrogen iv>n. which would limit the dissociation according to (2) and 
I ;) ftxmi the reas«.ms stateii in $ 8g^ is formed in this reaction. For the same 
reasons discxlium hyvirv>gen phv^sphate contains much more of the ions HPO," 
and PO/" than phosphoric acid .vx>nsult Principiles, p. 303). 

These rvlations are further illustratevi by the tact that dialkaU-. and still 
more trialkali phv^^phate. arc hyvlrv^ly^eil by water. Hence the explanations 
in § 71 likewise lead to the vu w that the ions H JH>/ and HPO/' have the 
characteristics ot a nuxiiuni strv>n^ and a wvak acid respect i\"elv. 

ijg. The taskity of phosphoric acid. Phosvhoric acid is regarded as tri- 

basic on the >:rvnnids that it lonns stilts ot the compH>sition Ag,PO,, for 
example. A^wrvlin^ tv» | 1 1 *» tvKUnotc. basicity is determined by the number 
of formula \s-ei>:hts v>f hydi\»xyl »on v»r univalent base which are netxtralixed 
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by one formula weight of acid. From the preceding paragraph it is evident, 
however, that even less than two formula weights of hydroxyl are actually 
neutralized by one formula weight of phosphoric acid. 

The discrepancy arises from the above-mentioned circumstance that the con- 
ception of basicity is used with different meanings. In one case it emphasizes 
the behavior of phosphoric acid towards bases and in the other the composi- 
tion of certain difficultly soluble phosphates. 

Ambiguity also occurs in other cases where one or more combining weights 
of hydrogen have very much weakened acid properties. As a consequence 
the transformation according to § 71, (3), remains incomplete with a quan- 
tity of base corresponding to one formula weight. The soluble salts there- 
fore hydrolyze in solutions to a great extent. 

Other similar cases will be dealt with in the following paragraphs. 

130. Pyrophosphate ion. By heating disodium phosphate in a 
porcelain crucible it first melts and then solidifies again, losing water 
and forming pyrophosphate: 

2Na,HPO, = Na,P,0, + H,0. 

A freshly prepared solution of sodium pyrophosphate has a dis- 
tinct alkaline reaction. With barium- lead- and silver ion it yields 
white precipitates, which are but little soluble in acetic acid, readily 
soluble in hydrochloric and nitric acid. The difference in the color 
of silver ortho- and pyrophosphate is worthy of note. The former 
is yellow (§ 127). 

The term orthophosphoric acid distinguishes ordinary phosphoric 
acid from meta- and pyrophosphoric acids. Correspondingly its 
salts are called orthophosphates. 

131. Metaphosphate ion. If sodium ammonium hydrogen phos- 
phate, the salt used to prepare the phosphor salt bead and hence 
termed phosphor salt, is heated to redness in place of disodium phos- 
phate, sodium metaphosphate results: 

NaNH.HPO, = NH3+ H^O + NaPO,. 

On dissolving the fusion the solution yields white precipitates 
with barium- and lead ion, insoluble in acetic acid, soluble in nitric 
acid. The silver salt is likewise white, but dissolves readily. Hence 
it separates only when concentrated solutions are used. 

Metaphosphoric acid, or a solution of metaphosphate + acetic 
acid, has the property of coagulating albumen solution (distinction 
from phosphates and pyrophosphates). 
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Solutions of pyro- and metaphosphoric acid are unstable. They 
take up water and form orthophosphoric acid. 

132. The anions of trivalent arsenic (compare §«42). A solu- 
tion suited for the following tests is prepared by dissolving arsenic 
trioxide in potassium hydroxide and neutralizing the excess of the 
latter with dilute nitric acid. Arsenic trioxide also dissolves in 
water to form a slightly acid solution. The reaction takes place 
very slowly, however, since arsenic trioxide is not easily wetted by 
water. Hence the above method is more convenient, as it takes less 
time. 

1/20 formula weight of As^O, is used for a liter of solution. 

With barium ion only concentrated solutions yield a precipitate 
of barium arsenite Lead ion forms white lead arsenite even with 
dilute solutions. The precipitate is soluble in acetic acid. 

Silver nitrate gives a slight precipitation of yellowish white silver 
ar senile y AgjAsO,. By adding a few drops of potassium hydroxide 
the amount of precipitate is considerably increased. 

Xcutral solutions of an arsenite contain but little arsenite ton. The arsen- 
ite reacts with water according to the equation: 

AsO,"' +3 H'OH'^HjAsO, +3 (OH)' (i ). 

By adding nitric acid to neutralize OH' almost all AsO,"' is transformed 
intoH jAsO,. Only an amount of arsenite ion corresponding to the dissocia- 
tion of arscnous acid is left in the solution. Conversely an addition of OH' 
increases the concentration of arsenite ion and hence strengthens the proper- 
ties of the solution with respect to arsenite ion. 

Silver arsenite dissolves in acids (including acetic acid), in am 
monia^ and ammonium nitrate. On heating the ammoniacal solu- 
tion a separation of silver takes place, while the arsenite is oxidized 
to arsenate. The reaction is formulated as follows: 

'As03'"+2Ag>H,0 = AsO/"+2Ag+2H- (2). 

From the composition of the silver salt arsenous acid is tribasic. In con- 
sequence of hydrolysis, however, a solution which contains one combining 
weight of sodium for one combining weight of arsenic has an alkaline reac- 
tion. This is owing to the fact that the acid is only weakly dissociated, even 
in the first stage. The dissociation is about equivalent to that of phosphoric 
acid in the second stage. 

'In consequence of the above-mentioned behavior of bases, however, ammonia 
at first causes an increase of the precipitateil silver arsenite. 
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This comparison is based on the assumption that the non-dissociated acid 
in the solution has the formula H^sO,. As a matter of fact the relations 
are more complex (compare Principles, p. 708), although not essentially dif- 
ferent. The explanation would be less clear, however, by taking into account 
these special features. 

133. The anions of quinquivalent arsenic. The test solution is 
prepared according to the details given in § 43. It is evaporated 
down to a small volume, neutralized with alkali hydroxide and after- 
wards again diluted to the desired volume. One liter of the solu- 
tion should contain 1/40 formula weight of AsjO^. 

With barium ion the neutral solution forms a white precipitate, 
soluble in acetic acid. Lead acetate precipitates white lead arsenate, 
rather difl5cultly soluble in acetic acid, readily soluble in nitric acid. 

Silver arsenate is red brown and is soluble in ammonia and acetic 
acid. 

Magnesium- + ammonium ion + ammonia form a white precipi- 
tate of magnesium ammonium arsenate (see § 26), completely anal- 
ogous with magnesium ammonium phosphate (§ 102). The sim- 
ilarity of the reactions of phosphates and arsenates extends also to 
the precipitation of the latter by ammonium molybdate, but the pre- 
cipitate forms more slowly with arsenates. 

On account of this great similarity in the properties of the anions 
of arsenic acid with those of phosphoric acid the following proced- 
ure must always be followed when arsenic is detected amongst the 
cations. After removal of arsenic a part of the second group fil- 
trate is tested with ammonium molybdate for anions of phosphoric 
acid. The analogy may also be extended, particularly to the disso- 
ciation relations of these acids. With respect to this question a 
reference to § 128 suffices. 

134. Distinction of arsenite- and arsenate ion. To detect arse- 
nite ion the solution is heated with an alkaline solution of copper 
sulphate and tartaric acid, which serves to prevent the precipitation 
of cupric ion by hydroxyl ion (§ 139). Arsenite ion oxidizes to 
arsenate, while cupric ion is reduced to cuprous ion, which yields 
reddish yellow cuprous oxide with hydroxyl ion. The equation for 
this reaction is : 

2Cu' + As03'" + H20 = 2Cu -f AsO;" + 2H' (i). 

This reaction is completely analogous with reaction (2), § 132. 
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It must be nemenibered that grape sugar^ aldehyde and a few othirc 
compounds also give rise to the reaction which serves to distinguish s 
from arsenates. Hence the formation of a precipitate of cuprous oxide may 
be used as a criterion for arsenite ion only when these substances are not 
present. 



To identify arsenate ion in the presence of arsenite ion hydro- 
chloric acid and potassium iodide are added to the given solution, 
A yellow coloration due to free iodine indicates arsenates. TJ 
reaction is expressed by the equation; 



1 



AsO; "+ 2H' + 2ri=*AsO,"'+ 1,+ H,0 



Ul 



This reaction can also proceed in the reverse direction. A solution of 
iodine in potassium iodide is decolorized by neutral arsenous acid to whiVh 
sodium hydrogen carbonate is added. Solid iodine is also transformed into 
a colorless solution by this mean«- 

Since iodide ion in the presence of hydrogen ion is also oKidJzed by other 
anions besides arsenate ion (for example, by CrjO/', NOj\ NO,', CIO/, 
CIO', Fe(CN)<i"0, it h evident that a yellow coloration from the formali! 
of iodine indicates arsenate only when these other anions are exclude 

From a mixture of these anions and arsenate ion to obtain a solution which 
contains practically only the latter, the given solution k neutralised and pre* 
cipitated with barium chloride. Then the barium precipitate is filtered, 
washed and treated with acetic acid. In case the orginal solution contained no 
chromate- or dichromate ions, the barium precipitate is completely soluhk 
in acetic acid; otherwise it is only partly soluble. In any case if a re^iiduc 
remains it is filtered and the filtrate is tested with hydrochloric arid and 
potassium iodide. 



iich" 



135. Reactions of the anions of boric acid. A solution of bora 
(disodium tetraborate) » NayB^O^.ioH,0, containing 1/4 formula 
weight per liter is used for the tests. The solution is neutral iz 
with nitric acid. 



nul^j 

1 
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The requisite amount of borax is first dissolved in a somewhat smaljer 
volume than is desired. Then the solution is neutralized with nitric acid and 
is diluted to the volume desired in a graduated cylinder. 

If the solution has a very slight acid reaction it gives no precipitates with 
Ba" and Ag\ even when it is very concentrated. Hence it is advisable to 
leave it slightly alkaline. 

The formation of a precipitate depends upon the concentration of the ioti 
BO/. Its concentration is much lower in the presence of hydrogen ion than 
in an alkaline solution. These relations are expressed by the following equa- 
tion; 



B^O/' + H A-=^BO/ + 2H' 






It is evident that the concentration of the ion BO/ is decreased by hydrogeii 
ion and accordingly is influenced by hydroxy I ion in the opposite direction 
(ISO)- 
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Barium chloride forms a precipitate of barium borate^ soluble in 
acetic acid. It is also rather soluble in water. Hence this reaction 
is not specially delicate. 

Lead borate is likewise white and soluble in acetic acid. 

Silver borate is white, easily soluble in acids. It is decomposed 
by long continued heating with slightly alkaline water. Boric acid 
goes into solution and a separation of brown silver oxide takes 
place: 

2AgBO,+ H,0 = Ag,0 + 2HBOj (2). 

By moistening boric acid or a borate with alcohol [or glycerine], 
adding a few drops of concentrated sulphuric acid and igniting, a 
characteristic green edge is imparted to the flame. The phenomenon 
is specially clear when air has free access. Hence the experiment is 
conveniently carried out by dipping a glass rod in the mixture and 
igniting the drop of liquid hanging to the end of the rod in a gas 
flame. Mistakes arising from salts of a green color are completely 
excluded in this manner. In case the experiment does not succeed 
it is usually due to the fact that too little alcohol and too much sul- 
phuric acid had been used. 

The reaction depends upon the formation of volatile boric ethyl 
ester, a compound which contains the radical ethyl, (CjH^), in place 
of the hydrogen of the acid. 

Turmeric paper is not changed by dipping it into boric acid or a 
borate -f hydrochloric acid, but on drying it assumes a brown color. 
Moistening with alkali hydroxide transforms the color into blue 
black. This reaction is not specially characteristic, however, since 
other acids give similar phenomena. 

Commercial boric acid has the composition H-BOj. The composition of 
solid borates shows that they are derived from an acid HBOj, which contains 
one formula weight of water less than HjBO,. 

The acid character of boric acid is only very slightly developed. Solutions 
of the acid do not redden litmus paper at all significantly and solutions of the 
alkali salts are strongly hydrolyzed. The relations are futhermore obscured 
by the property of forming condensed acids according to the equation : 

mH,BO, = nH,0 + H,ni-«B„,0,m-n (3). 

Borax has the composition NaaB^O^.ioHjO. It is the salt of an acid which 
is derived from orthoboric acid by placing m = 4, n = 5. in equation (3). 

Boric acid is volatile and colors the bunsen flame green. When 

moistened with sulphuric acid borates show the same characteristics. 
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136. The anions of silicic acid. The solution of an alkali silicate 
has a strong alkaline reaction. It }n[elds precipitates with the three 
cations (§ no), which are soluble in acids. On attempting to 
neutralize the solutions a separation of silicic acid takes place. Oc- 
casionally the entire mass solidifies to a jelly. Silicic acid has an 
extremely weak acid character, which is also shown by an indefinite- 
ness of its other properties. Thus the composition of the anions of 
silicic acid is indefinite, and hence it will not be .considered here. 

The paragraphs on the analysis of silicates will consider the beha- 
vior of silicic acid in other respects (consult also Principles, p. 420). 

137. Carbonate ion. The behavior of carbonate ion towards the 
cations of barium (§ 97), silver (§ 11) and lead (§ 14) has already 
been dealt with. In the cases cited, however, a solution of sodium 
carbonate was used. This has an alkaline reaction in consequence 
of hydrolysis. The precipitation is Uss campUU or does not occur 
at all on using a solution neutralized with nitric acid. This is ex- 
plained by a decrease of the total quantity of CO," present, owing ^ 
to an escape of carbon dioxide on neutralizing, and to the propor- 
tionately slighter dissociation of the carbonic acid still present. It 
is ranked as a ver\' weak acid. 

The formation of carbonic acid by neutralizing an alkali carbonate 
solution is evident from the consideration of the equation which 
represents the reaction between carbonate ion and water: 

CO;-^ 2H,O^H5CO,-f 2OH' (i). 

If hydrogen ion is added to a solution of sodium carbonate which 
is in a state of equilibrium, the concentration of hydroxyl ion de- 
creases according to § 50 through the reaction H'4-OH' = H,0. 
The consequence is an increased hydrolysis and hence an increase in 
the concentration of carbonic acid. Since carbonic acid is only 
slightly soluble in water it decomposes with an evolution of carbon 
dioxide : 

HXC\^CO,^H,0 (2). 

By this means a further condition for an increase of the hydrolysis 
arises, viz. the decrease in the concentration of carbonate ion. 

From the composition of its solid normal^ salts carbonic acid is 

^ Nonual stilts contain iiivtal tor all the rv'pl.uoaMo ::v.lr'.^x:fn of the acid (consult 
Principles, p. 207). 
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libasic. Nevertheless a solution of sodium hydrogen carbonate 
urns red litmus blue, since this salt is sflso hydrolyzed: 

HCO/+ H20?=^H3C03+ OH'. 

The ease with which carbonates are decomposed by acids has been 
pointed out already (§ 96) as a further consequence of weak acid 
:haracter. A white skin of barium carbonate will form over the 
end of a glass rod moistened with baryta (or lime water) when the 
rod is held in the neck of the generator flask and is so brought in 
contact with the escaping carbon dioxide. What is the equation for 
this reaction ? 

To detect small quantities of carbon dioxide air must be excluded in carry- 
ing out the experiment, as it contains always about 0.04 per cent of carbon 
dioxide. In laboratories the percentage is usually higher from the products 
of combustion of illuminating gas. Generally enough is present to yield a 
cloudiness in baryta solution, although only after a long time. Consult also 
i 176 on the preliminary tests with dilute sulphuric acid for the acids con- 
tained in solid unknowns. 

Quite frequently the solution of a barium salt, for instance, barium chloride, 
is wrongly used in place of baryta to carry out this test. The consequence 
is that a cloudiness is never observed. This will be clear from the considera- 
tion of the equation : 

Ba--f-COa-l-HaO^ BaC03 -}-2H\ 

Hydrogen ion is set free by this reaction, and since barium carbonate is 
decomposed even by acetic acid, a visible sldn of carbonate would never form 
under these conditions. 

138. Reactions of tartrate ion. The test solution is made by 
dissolving 1/20 formula weight of tartaric acid in a little water and 
diluting to a liter after neutralization with sodium hydroxide. 
With barium ion it yields white barium tartrate which is soluble in 
acids, but is rather difficultly soluble in acetic acid. Ammonium 
salts also dissolve barium tartrate to a noticeable extent. 

Barium tartrate persistently forms supersaturated solutions. The super- 
saturation can be readily removed by violent shaking. 

Lead acetate forms white lead tartrate, but little soluble in acetic 
acid, easily soluble in nitric acid. The precipitate dissolves without 
diflSculty on addition of ammonium tartrate to the liquid. If not 
enough lead acetate is added to precipitate all the tartrate ion up to 
the limits of the solubility of lead tartrate, addition of ammonia will 
cause the precipitate to vanish. 
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The diisotvinf of lead tartrate m tasmiomum tartrmte inirolv^es tlie same 
reaction which was mentioned m the case of lead stilj^hate (§ 14)- By '■^J 
of supplementiog what has already been stated it is well to add that tins 
power of dissolving is not limited to lead sulphate and lead tartrate^ In fid 
the %^anous diJfrcuUly soluble k-ad sall^ exhibit the same property aceordiiig 
%ty their $<:)lubility in water if no neactions talce place othn^ tban the one 
referred to. The diOerence in the behavior of lead tartrate and leaid Hikm^* 
cate towards ammonium tartrate (f my icidieates that tlie lltiodlicase 11 
particularly insoluble in water. 

Silver nitrate precipitates white silver taitrale^ soluble in adds, m 

ammonia and in an excess of tartiste ioii. Eoiiing silver tam^te 

with water causes a blackening from the separatioti of salver. 

The silver separates in the form of a mirror on the gfa^ wmQs of the ^vsid 
ofido^y reducing a sofaitioa of sit ver tartrate. This is best eiiected by tieat- 
ifi£ a aoltstiao which contains jitst enoti^ anuDOiiia to keep the rHvt lannite 
disaolved, to 70° C. on a water-bath. 

The solution does not yield a precipitate tmmediatdj on adding 
poiassmm ion, but it gives a precipitalc wfaei) hydrogen ion is pres- 
ent. According to {103 acetic acid is bet used for this purpose 

By heatii^ tartrates with concentrated sulphuric acid they are 
decomposed, giving rise to a brown coloration. Carbon mooodde 
and sulphur dkmde are simultaneously formed. The latter r^ults 
from a reduction of sulphuric acid. Carbon tnofMuide bums with t 
bhie Same wben %nited. 

Heating solid tartrates or tar^iic acid in a bulb-tube also effects 
a decomposition. This is accompanied by the formation of 1 brown 
coloration and the evolution of vapors which ^nelJ like burnt sugu'* 
Effen e^ence takes place on pouring actds o%"er the residue left in 
the bulb- tube owing to an evolution of carbon dkiiide. This shows 
that the tartrates have been changed by heat into tiie conespondiog 
carbonates. 

Tartaric acid Is a medium strong dibasic add. Its normal salts 
are but little hvdrolyzed. The pronounced pioperty posscsssed by 
tartrate ion of forming complexes with calioiis b i^mitled as due 
to its ox^^gen content ih}tirox^-l). 

I39, The distmctioQ of oxalate- ud tarbmte ton. These two 

ions differ by the tact thai L^^irium taakte is cottsiderablv less soluble 
than barium tartoite in acetic acid. The difference is not great 
enOMgh^ however, to be utilised as a tnetbod for the deiectim of 
iaHmk im. especially in mittures whkh contain proportionately 
small amounts of tartmtes. 
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A sure means of distinguishing tartrate ion from oxalate ion is 
based upon the property possessed by tartrates of forming complex 
inians with many different cations. This property manifests itself 
in the solubility of hydroxides of the cations in question, for exam- 
ple cupric hydroxide, in alkaline solutions of alkali tartrates. Since 
copper hydroxide yields a strikingly blue-colored solution this reac- 
tion aflFords a delicate test for tartrate ion. 

To carry out the test the solution is concentrated as much as pos- 
sible and is then made distinctly alkaline. A few drops of copper 
sulphate solution are added and the precipitate of copper hydroxide 
is filtered after it has stood for a while. The filtrate has a blue color 
when the solution contained tartrate ion. The color is made still, 
more striking by adding ammonia to the filtrate. 

Cupric ion from the copper sulphate added should be practically 
completely precipitated by hydroxyl ion in the absence of tartrate 
ion, so that the copper solution would be decolorized. An alkaline 
reaction after the addition of Cu" to the solution shows that the 
right amount was added. 

This reaction aflFords an unequivocal test for tartrate ion only 
when the solution contains no arsenite- and ammonium ions. 

Arsenic must be precipitated from the solution by means of hy- 
drogen sulphide. Ammonium ion would interfere with the precipi- 
tation of copper by hydroxyl ion on account of the formation of 
copper ammonia ion due to ammonia resulting from NH/ and OH'. 
Hence it would cause the copper hydroxide to dissolve in alkali 
hydroxide, even when tartrate ion is not present. It is removed by 
heating the alkaline solution before adding copper sulphate. What 
is the equation for this reaction ? 

The test must be carried out in the cold, as precipitated copper 
hydroxide undergoes a change of condition when heated. In this 
condition it dissolves less readily in tartrate solutions and conse- 
quently the test would be less delicate. 

The presence of oxalate ion along with tartrate ion is indicated 
by the fact that the barium precipitate is then rather difficultly solu- 
ble in acetic acid. To make sure that a residue insoluble in acetic 
acid consists of barium oxalate follow the text of § 125. 
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GROUP IV. 
140. The anions belonging to this group comprise: chloride- 
iCD, bromide- (Br'), iodidt- (I'), cyanide- (CX'), ferrocyanide 
iFe^CX)/'"), ferricyanide- (Fe(CX)/'0, kypocUoriU- (CIO), 
sulpkocyamate- (SCX'), [iodate- (lO,') and bromaU ion (BrO,)]. 
They differ essentially from the anions hitherto dealt with in their 
reactions with the three typical cations (| no). Soluiioms of these 
amums vin ordinary concentraticHis) ght no precipiiates wUh barium 
ion. since the solubility products of the corresponding compounds 
arte^ so large that the supersaturation points of the solutions with 
rt^pcci to these salts are never reached. The siktr precifUales are 
:msi\mhle in ni:ri< acid. This is based upon the fact that the hydro- 
p:n ov^mpounds of these anions are stro^giy dissociated and the pre- 
o:pi:a;es aiv didkuhhr soluble. Heace saturated solutions of the 
ro^::^i:JL:e:^ ovvitain so small an amoant ot the anioQ, for example of 
CI rrvvn sih^er chkcide. that the neactioQ: 

Agci- ir^Ag-ira\ 

O.VS rsK vvv;:r ^> a ^oooMbJe extect. 

, »- xx*r^>.-tr,jk^r>c > : t V ,hsaxT»*t«>£ Ar <xrtfKr.iT:nr cc tiK fscoosisseacT. which 
*vs -t : V :j5k*^ :>»a: ssN^vc cvxsaoif :s; uf-nnniieaess rnc^-A^V i=soSsb^ in nitric 

S r.'i a.^'H >x *,xv>-V*f\*ii< jiovi "Si A 'vtmj: *:?«• TiK a£!Trr rr«C3tiaie obtained 
"%nff A >i.nu:w ,v J. >'x*vvKcr*-^f re 5»rArcsrC'r acut'^rts 3r zrtrar .acai. The Uct 

l>vr >ii\v»- >^, >v A* :Sr>5^ x^csn i> tt^-I as ;t 'ij.'te x lie two jwe- 
,\vr .^ ^•".XkX>. x>> >Ci*^Sc .-r xTr:m:ir-iL. irixuircitx aifci iwcassium 
^^xt.cv l>v ^.us^^Tsv v^T :>.::> M^- 4J?^j»rr "Sks: scaled in f j il 

>«v;* v^:<.i. 4^'rc ^c«'^■5* x^^/t -Hifwiut* xTt ixr^cims.. To dksoivc 

huk: tv *>,'v» iw *>a^ ?v K .^fe< n-irt >ii*-r;rr ctnirciae. SSrtr iodide 
^ ,*\ :>v,* V *- 1 *• i tt<,^u Nv > V tfi ttv^tia^ V^itTs^ z^T/ siits *:^ -=iafet4f in 

' X .'>i 'fv vst A K v^^:v ,Vi.^t^MTK V ThL^ |rrnior ^oE ^ ciear 
:.t wiv»:i ^*>«v\^< o.x*a;.v?ux*^ ^^ % ^-t*^;,^. %x>>»♦^: ::^«" irer s^ used ior 
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the test solution. Lead ion gives a white precipitate of feoJ chloride, 
which dissolves in hot water (§ 14). Silver chloride is soluble in 
ammonia, alkali cyanide (§ 12) and thiosulphate (§ 123). Mer- 
curous ion forms a precipitate of mercurous chloride (§ 5) which 
becomes black with ammonia. 

A method often used to distinguish chlorides from bromides and 
iodides is based upon the formation of volatile chromyl chloride, 
CrOjCl,, by heating a solid chloride with potassium dichromate 
and concentrated sulphuric acid. 

To carry out the experiment a dry mixture of the unknown with 
potassium dichromate is placed in a fractionating flask and a few 
cc. of concentrated sulphuric acid are poured over the mixture. The 
side arm dips into a test-tube containing a little ammonia. The end 
of the delivery tube should not pass below the surface of the ammo- 
nia, but should extend down close to the surface. An ordinary 
tight-fitting cork is used to close the neck of the flask. The dense 
brown vapors generated on heating the flask escape through the side 
arm and are dissolved in the ammonia, yielding a yellow solution. 
This yellowish solution is acidified with sulphuric acid and is tested 
with hydrogen peroxide for dichromate ion (§ 119). Chromic acid 
does not distil over in this experiment. When a chloride is present 
it forms chromyl chloride according to the equation: 

K,CrA + 4KCl+3H3SO, = 2Cr03Cl,+3K,SO,+ 3H30 (i). 

The chromyl chloride dissolves in ammonia yielding chromate ion : 

CrO^Cl^ + 4OH' = CrO/' + 2Cr + 2H,0 (2) . 

Hence the appearance of the hydrogen peroxide reaction indicates 
with certainty that the mixture contains a chloride. 

For the behavior of bromides and iodides under similar conditions 
consult § 143 and also Principles, p. 609. In case iodides are to 
be tested for chlorides alkali hydroxide is used in place of ammonia 
to absorb the vapors distilling over (consult § 144). 

Concentrated sulphuric acid decomposes solid chlorides except 
those which are very little soluble, as lead-, silver- and mercurous 
chloride, with an evolution of hydrochloric acid gas. The escaping 
hydrochloric acid is easily recognized by its penetrating odor. A 
glass rod moistened with silver nitrate becomes covered with a skin 
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gi sih er chloride when held in the vapors evolved in this eiperi- 
menL 

In case oxidizing agents, as peroxides or nitric acid, are also pres- 
ent, chloride ion is oxidized to chlorine. This is detected by its 
green coloft unpleasant odor and the property of separating iodine 
from a solution of potassium iodide. The general equations for the 
oxidation of chloride ion to chlorine are: 



or 



ci'+o = ci 



(3 



143. Diiferences in the properties of anions and the substances from wlutb 
they are formed. The well known fact that chlorine gas dissolves raiber 
abunclaiitly in water makes it possible to distmg:uish expertmentaUy the prop- 
erties of chlorine from those of chloride ion. The latter is contained in solu- 
tions of chlorides and may be formed from chlorine or may be changed mto 
it. This distinction is not possible in the case of cations and the substances 
forming cations, except for a comparison of the physical properties, because 
the metals are practically insoluble in water. 

A solution of chlorine is found to possess certain properties which chloiide 
ion lacks. Thus, for example, it sets iodine free from a solution of pota^ium 
iodide. On the other hand there are certain properties possessed by chlorine 
solution and chloride ion in common. Thus chlorine solution yields with 
lead ion a white precipitate, which turns brown, however, when heated. With 
silver ion it forms a precipitate that has the properties of silver chloride. An 
exact study of these relations by Jakmvkin has shown that chlorine water 
actually contains chloride ion. Its formation results from the following 
reaction : 

Cl,H-H,Oi3H- + Cl' + HC10. 

The aqueous solution of chlorine gas^ when in a state of equilibrium, accord- 
ingly contains unchanged chlorine, hydrogen- and chloride ions and also hyptJ- 
chlorous add. Through an independent change in the concentration of indi- 
vidual substances or ions taking part in the equilibrium the quantities of tbe 
others are altered to a definite extent. For example, by adding hydrochloric 
acid, chlorine and water are formed at the expense of the other connponent^ 
which take part in this reaction, Cl', H' and HCIO, 

The change of color which the lead precipi tate undergoes when heated ii 
due to the hypochlorous acid present (I is^)- 

This partial agreetntnt in the properties of dissntved ckiorin^ and of ckk- 
ridfi ion therefore does not oppose what has been stated already in | & It is 
due to the above-mentioned transformation which chlorine gas undergoes to 
a certain extent in aqueous solutions, 

143, Bromide ion and bromides. Like hydrochloric acid the 

hydrogen compound of bromide ion is a strong monobasic add. Its 
alkali salts have a neutral reaction. A solution containing i/io for- 
mula weight of the alkali salt per liter is used for the tests. 
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Lead ion forms white lead bromide. By raising the temperature 
the solubility of lead bromide in water also increases, but not to the 
same extent as that of lead chloride. 

Silver bromide is slightly yellowish. It is insoluble in nitric acid, 
but dissolves in ammonia, potassium cyanide and sodium thiosul- 
phate. The solubility product of silver bromide in water is consid- 
erably smaller than that of silver chloride. 

When heated with concentrated sulphuric acid and potassium 
dichromate bromides evolve bromine. (What is the equation?) 
This dissolves in ammonia to a colorless solution and evolves nitro- 
gen simultaneously. Hypobromite ion is formed on dissolving 
bromine in ammonia or alkali hydroxide according to the equation : 

2Br-h 2OH' = BrO'-f Br'-f H^O (i). 

This reacts with ammonia to form nitrogen: 

3BrO' + 2NH3 = 3Br'+N,+3H,0 (2). 

Chlorine water oxidizes a solution of bromide ion to bromine: 

Br'+Cl = Br+Cl' (3). 

By shaking a solution containing bromine with carbon distdphide 
(CSj) or chloroform (CHCI3) which do not mix with water and 
hence form a double layer, ^ the bromine is taken up^ by these sol- 
vents. If an excess of chlorine water is used the color vanishes 
owing to the formation of lighter colored chlorobromide. 

Bromides differ from chlorides furthermore in their behavior 
towards concentrated sulphuric acid. Dry bromides or their con- 
centrated solutions react with sulphuric acid to form free bromine 
along with hydrobromic acid. 

^Carbon disulphide and chloroform are not completely insoluble in water. They 
both dissolve to a slight extent and conversely a little water dissolves in each 
of them. Hence one layer consists of a solution of one of these substances 
in water, the other of a solution of water in chloroform or carbon disulphide. 

'Strictly speaking only the major part of the bromine goes into solution in the chloro- 
form or carbon disulphide. This is evidenced by a declorisaiion of the aqueous 
layer and the formation of a darker color in the other layer. In all cases where 
a substance like bromine is brought in contact with two liquids, in each of 
which it is soluble, distribution takes place according to a definite law (law 
of distribution). No matter what the absolute amount of the distributing 
substance is, its ratio in the two layers is alwa3rs the same [provided it tmdergoes 
no chemical changes in either layer]. 



i64 



PRINCIPLES OF QDALtTATIVE ANALYSIS. 



Bromide ion is much more easily oxidized than chloride ion^ i. e. 

it passes out of the ionic condition more easily. This is shown by 
the reaction between bromides and chlorine water. Sulphuric add 
is reduced to sulphurous acid^ which decomposes into sulphur diox- 
ide and water: 



OT 



H,SO,+ 2H+2Br' = SO,+ 2H,0 + Br, 



(4)^ 



Concentrated sulphuric acid hence acts as an oxidizing agent 
towards bromide ion, but not towards chloride ion» or only when a 
stronger oxidizing agent, as alkali dichromate, is also present, 

144. Iodide ion and iodideSi The tests are carried out with a 
solution of potassium iodide of the same concentration as the test 
solutions of bromide or chloride. 

Lead acetate gives a yellow precipitate of lead iodide (f 14), 

Silver iodide is practically insoluble in nitric acid and ammonia, 
but is soluble In alkali cyanide and -thiosulphaie, and to some extent 
in alkali halides. 

Mercuric ian forms red mercuric iodide^ soluble in an excess of 
potassium iodide (j 33)* 

A solution of copper sulphate forms a brown precipitate (5 40) 
which consists of cuprous iodide and iodine. 

From the solution of a palladous salt iodide ion precipitates black 
palladous iodide, Pdl^. 

Iodides react like bromides with sulphuric acid and dichromales 
(compare the preceding paragraph). 

On testing for chlorides in a mixture which also contains iodides (§ 141) 
it is better to use alkali hydroxide instead of ammonia for absorbing the 
vapors distilling over, because iodine and ammonia form compounds which 
explode readily, especially when dry. 

Iodide ion is still more easily oxidized than bromide ion, i, e. it acts^ 
as a stronger reduci ng agent. Thus dichromate + hydrogen ion and 
nitrite- -f- hydrogen ion oxidize iodide ion under certain con- 
ditions, but do not oxidize bromide ion. The reaction for the 
oxidation by nitrite ion follows the equation: 

NO;+r+2H^ = I+NO + H,0 {!). 

This is a very delicate test and may be carried out with low concen- 
trations of hydrogen ion. In making the test a solution of potas- 
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sium- or sodium nitrite is added to the given solution. The mixture 
is then acidified with a few drops of acetic acid. The resulting 
iodine is easily detected by means of the blue color it gives with 
starch solution.* 

The reaction for the oxidation with dichromate ion may be 
readily formulated from the general equation (i), § 120. 

The influence of the nature of the acid upon the reaction may be very 
strikingly illustrated with this example. A mixture of dichromate ion, potas- 
sium iodide and starch solution does not react the same, if acidified with 
acetic acid, as when dilute sulphuric acid is used. In the latter case the blue 
coloration appears at once and is distinct, while in the former it makes its 
appearance only after some minutes and gradually increases in intensity. 
This difference is due to the relationship existing between the concentrations 
of the substances or ions taking part in the reaction and the velocity of the 
transformation, as has already been pointed out in connection with the dis- 
solving of calcium carbonate in acids (§ 96). 

Corresponding to its greater capacity for oxidation iodide ion is 
oxidized by chlorine and bromine to free iodine, which separates. 
It is detected by the deep violet color imparted to carbon disulphide 
or chloroform on shaking out the solution with either of these sub- 
stances. When an excess of chlorine water is added the color van- 
ishes owing to oxidation of the iodine to iodic acid: 

I+3H,0 + 5C1 = 5H- + SC1' + H-+I03' (2). 

Iodine dissolves much more readily and more abundantly in a 
solution of potassium iodide or hydriodic acid than in water, owing 
to the formation of complex triiodide ion, I,'. 

145. The detection of chloride ion in the presence of bromide- 
and iodide ions. These three ions differ considerably from one 
another with respect to the solubility of their difficultly soluble salts, 
for example, the silver salts. However the evaluation of these dif- 
ferences in order to effect a separation of the salts demands much 
skill. The difficulties relate particularly to the identification of 
chloride ion, since bromide- and iodide ions are characterized by 
their reactions with chlorine water. 

*The starch solution is prepared by stirring a g. of soluble starch to a paste 
with cold water. This is then poured into enough hot water to make loo cc. solu- 
tion. After standing for some time the solution becomes clouded and separates 
a flocculent precipitate. 

The reaction is influenced by iodides and hydriodic acid in the sense that the blue 
color is more distinct when iodide ion is also present. The color vanishes on heat- 
ing the solution and forms again When it is cooled. 
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The method described in S 14 ij which is based upon a distillation 
with potassium dichromate and sulphuric acidi does not yield as 
good results as the following method, which utilizes differences m 
the reducing action of these ions towards permanganate ion,* It is 
easily shown that iodide- and bromide ions are oxidised by perman- 
ganate ion + hydrogen ion. It is likewise known that chlorine is 
formed by a reaction between hydrochloric acid and manganese di- 
oxide and that a reduction of permanganate giv^es rise to the latter 
(§ 80). The formation of chlorine then certainly takes place when 
permanganate is used in place of manganese dioxide t other condi* 
tions remaining the same. The following is the general equation 
for the reaction with permanganate ion in acid solution: 

MnO/ + sCr (BrM'} + 8H^ - 4H,0 + Mn" + 5Cl{Br,T) (1). 



The following individual characteristics are exhibited by these three 
anions. By keeping the concentrations of the halidc ions and oi 
permanganate ion unchanged and suitably altering the concentrador^ 
of hydrogen ion, the oxidation of each of the halides occurs sud ^ 
cessively. To oxidize iodide ion requires the lowest concentratior^ 
of hydrogen ion, while chloride ion demands the highest concenira 
tion of hydrogen ion. Hence by holding the concentration of hy^^ 
drogen ion within certain limits bromide- and iodide ion are oxidized^ 
and chloride ion is left without undergoing any considerable change^ 
of concentration. 

Practically the method assumes a very simple form. A potassium 
permanganate solution containing 3.2 g. KMnO^ and 200 cc, dilute 
sulphuric acid' per liter is used. The solution to be tested is mixed 
with about its own volume of dilute acetic acid and is heated to 
boiling in a suitable vessel (Erlenmeyer flask). To this the per- 
manganate solution is added in small portions at a time from a glass 
tube drawn out to a point until the red color remains permanently, 
i, e, for several minutes. 

"This method has been worked out by Jannaseh and Klirf#r for the quanlUiJiim 
separation of these ion 9. For the literature consult Crotoginot Zeitschrift Mr sjmxT- 
gatiische Chemicp 24, ^ij, IQOO. 

'It is assumed that the dilute sulphuric acid used in this case contains one formuln 
weight of HjSn^ pirr liter. If the solution used is stronger or weaker than 
this a correspondingly sfoaller or larger volume must he taken to make up 
the permanj^anatc solution 
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As long as any iodide ion is present the permanganate is decolor- 
ized almost immediately. In case no iodide ion is present ♦ or if it 
has been already oxidized and bromide ion is retained in the solution, 
the decolorization of the added permanganate takes place more 
slowly. The rate of the reaction may be increased by adding the 
permanganate in rather larger portions. 

The red solution is then boiled for 30 mmutes. In case it be- 
comes decolorized during this operation more permanganate solution 
is added. Of course the time of heating can be only approximately 
given since it is assumed that the quantities of bromide- and iodide 
ion are unknown. In no case should it be assumed that the oxidation 
of bromide ion is ended after 15-30 minutes. This is true for iodide 
ion if an excess of permanganate is stiJI present. As for bromide 
ion it must always be determined whether bromine is being evolved 
or not at the end of this time. This test is ver}^ easily made by 
covering the neck of the flask with a disc of filter paper which has 
been moistened with a drop of potassium iodide solution. So long 
as it is escaping bromine will set iodine free from potassium iodide 
(I 5J)- This is detected by its brown color. However this crite- 
rion does not indicate with absolute certainty that bromine is no 
longer escaping. For chlorine will cause a separation of iodine and 
it may be evolved, especially when the solution contains a great deal 
of chloride. The oxidation takes place much more slowly than that 
of bromine under these conditions. Hence the escaping chlorine 
will also turn the test paper brown at a much slower rate than 
bromine* In any case the test can lead to a wrong conclusion only 
through heating the solution too long, so that chloride ion is partly 
oxidised. This excludes any possible errors that would arise if 
bromide ion remains in the solution. 

t* Manganese diaxid€ separates dunng the heating. This indicates that equa- 
on (j) does not cotnjjlctely express the actual relations. When the solution 
is not sufficiently acidiiied ^-ith sulphuric acid permanganate ion does not 
reduce exclusi%'ely to manganous ion, but is partly reduced to manganese 
dtoxjde. In this case the concentration of the add is purposely kept low to 
avoid oxidizing the chloride ion as far as possible. The reaction for the 
reduction of permanganate with bromide ion to manganese dioxide is ex* 
pressed by the following equation : 
^ MnO/ + 3Br' + 4H*-MnO^ + aHp + 3Br (2), 

W^ a matter of fact the relations are still more complex. Manganese dioxide 
may also be formed by a reaction between permanganate* and manganous 
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*MiiO/ + 3Ma"+40H'«5MnO,+^Hp 



ilU 



The latter reaction takes place not only in alkaline solution, as would be 
expected, i, e, when hydroxy 1 ion is j>re^nt in excess of hydrogen i©n, but 
also in slightly acid solutions. While manganese dioxide will oxidize evm 
chloride ion in strongly acidified solutions, it does not, however, siiffioe to 
remove bromide-, and much less chloride ion, from solutions in which acid is 
lacking. As has already been stated above, it is therefore necessary to have 
an excess of pertminganate to remove bromide ion. 

When it is certain that all bromide ion has been removed up to 
the limits of its detection by the above test with potassium iodide^ 
a very dUute solution of sulphur dioxide' is dropped into the flask 
to remove the excess of permanganate and the precipitated manga- 
nese dioxide. It must be added until the contents of the flask are 
perfectly water-clean Then the excess of sulphur dioxide is driven 
out by boiling the solution and silver nitrate is added. A precipi- 
tate indicates chloride ion. To make sure that the precipitate is sil- 
ver chloride, and not silver bromide, a little ammonia is added* The 
chloride mil go into solution readily. 

In case the original solution contained iodide ion it is better to 
reduce the excess of permanganate ion with alcohol rather than with 
sulphur dioxide. In acid solutions permanganate oxidizes iodide 
ion to iodine and also partially to iodate ion : 



6MnO/ + 5r+iSH*-5lO,'+6Mn" + 9HjO 



(4)- 



Iodate ion is then reduced by sulphurous acid to iodide ion (consult 
§ 121, {4), (5), (6)). Hence by using sulphurous acid to reduce 
permanganate it is possible that iodide ton would be only incom- 
pktely removed. It is therefore advisable to reduce the permanga- 
nate with alcohol if iodides are originally present. Heating the solu- 
tion removes any alcohol left after the reduction is completed. 

Likewise the behavior of the precipitate towards dilute nitric acid 
must be tested. If the oxidation of iodide ion has given rise to 
iodate ion (see equation (4) above) the white precipitate which this 
yields with silver nitrate might be mistaken for silver chloride. 
This precipitate is solubk in nitric acid^ however, and is thus easily 
identified. 

*TJt(? solution of sulphtir dioitide must be tested iot chloride ion l>efore it is used 
for this experimetit. The test is made by eddiiig stiver nitrate and noting if 
the precipitate is compktt^ty soluble in nitric acid, THe solution must not b^ 
used if it contains chloride ion. 
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has already been mentioned an oxidation of chloride ion can- 
^be avoided by this method. However, the /^w^ the concentra* 

i of chloride ion, the less easily it is oxidized. Hence the loss 
chlorine through this oxidation becomes smaller and by this 
|iod even small amounts of chlorides may be detected with cer* 
ity when larger quantities of bromides and iodides are also pres- 
L In a solution containing 0*5-1.0 mg. sodium chloride and 100 
L potassium bromide the chloride ion can be distinctly detected 
pe bromide ion has been removed as above given. 
Pyanide and sulphocyanate ions are also oxidized by permanga- 
&. Hence the method is serviceable to identify chloride ion when 
Elide and sulphocyanate ions are present However complex 
aides (like K,Ni(CN),,K,Fe{CN), or Cu/e(CN) J are not oxi- 
or at least not completely, by permanganic acid. Therefore 
above test for chloride ion is not directly applicable in this case. 

m complex cyanides, even the difficultly soluble ones, can be easily de- 

by boiling the solid salts with a suspension of 3^-4 times their weight of 

mercuric oxide, with the addition of 5-10 cc. of twice normal sulphuric 

The decomjjosition is usually completed in a few minutes. Any slight 

lue left in case the decomposition is incomplete, is filtered off. The solution 

ins mercuric cyanide, | 176^ cations of the metals contained in the salt 

the excess of mercuric ion. It may be tested with silver nitrate for 

Br*, I'). In this form the test is not specially delicate^ however* since 

chloride is mt^ch more soluble in the above solution than in water. It 

refore better to precipitate the mercuric ion with hydrogen sulphide 

is means copper and other metallic ions which may also be present are 

ipitated. The filtrate is now boiled and a current of carbon dio3cide, 

led free from HCl» is passed through the boiling filtrate f on 5-30 minutes, 

I the escaping steam no longer blackens lead test-paper. Ferrous ion, 

fell will be present when complex cyanides of iron are treated in this way, 

I be oxidiJted with permanganate. Then the solution is tested with silver 

tte for CI', Br' and I'. The test is fairly delicate since it detects less than 

milligram of chlorine in the presence of more than 100 times as m^uch 

[ide* It must be borne in mind, however* that a very slight inaction 

is) may be observed even when no chloride is present, probably 

formation of a trace of sulphocyanate. 




it is desired to lest for chlorides in the presence of bromides 
ides and complex cyanides, the procedure is a little more com- 
lied. After boiling the filtrate is saturated with hydrogen sul- 
|e. In order to neutralize the acid which is formed during the 
pipitation of the sulphides, sodium acetate is added. The filtrate 
iade ammoniacal in case ions are present which are not precipi- 
d in acid solution (Ni**) and is then saturated with hydrogen 
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Bulphide. The sulphides are filtered, acetic acid is added to liie 
filtrate and it is heated for a short time to expet the excess of hydro 
gen sulphide. Then it is tested for CI' with potassium permanga- 
nate as above described. 

[Another very serviceable method' of separating CI', Br' and V 
differs from the permanganate method by using potassium persul- 
phate KjSjO^, as the oxidizing agent. It works out practically the 
same as the permanganate method. By regulating the concentra- 
tion of hydrogen ion in the solution the halogens may be liberated 
successively, iodide ion requiring the least and chloride ion the most 
hydrogen ion. Acetic acid viuth a iiule sodium aceiute furnishes the 
proper concentration of hydrogen ion to set free iodine, but not 
bromine. Bromine requires a strongly dissociated acid, as sulphuric 
acid. No cMorine will be set free unless more than one formula 
weight of sulphuric acid per J iter is present. 

To carry out the separation about 10 cc. of the solution are taken 
and an excess of sodium hydrogen carbonate is added to precipitate 
the heavy metals. (NaHCOg is used instead of Na,COj because 
the latter is scarcely ever free from chloride,) An excess of acetic 
acid is added to the alkaline filtrate and then water enough to make 
50 ,cc. of solution. Into this solution about 0.5 g. potassium per- 
sulphate crystals are shaken and the mixture is boiled. Iodide ion 
is hereby oxidized to iodine, which is detected by the carbon disul- 
phide test. In case iodide ion is found to be present the solution is 
boiled several minutes until al! free iodine is driven off and the 
solution has become colorless. Then a few more cr>'stals of per- 
sulphate are again added and the boiling is repeated to make sure 
that all iodide ion has been oxidized. During the boiling the volume 
of the solution must always be kept about 50 cc. by adding water 
from time to time. 

Bromide ion is next oxidized to free bromine by adding a few 
cc. of dilute sulphuric acid^ and some more persulphate. A portion 



*This is given through the c<jurtesy of Dr, H- H. "VVitlanJ^ who has worked oiit 
the melhcul an ft uses U at the University of Mithigan. 

'Difficulties are soinetime*i expmenced at thts point. They are avoided by mak- 
ing a prcUitiinary test fnr bromide ion with a small portion of the solution 
freed ftom iodide ion. To this (i larger volume of dilute sulphuric acid is adde«i 
(several cc) In case free brr^mitic is observed + care must be titken thai aJl l>rf> 
mide ion is oxidised in the rest of the ^ution by inereasing the concentration of sul- 
phuric acid if necessary. Under c<!rtain conditions this oxidation proceeds sloiwly 
when rmly a little HjSO^ is present 
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of the mixtiire is heated until it begins to boiL Any bromine liber- 
ated will color the solution yellow to red and is delected by the car 
bon disulphide test, which also shows if all iodide ion has been oxi- 
dizedt If bromide ion is present it is expelled in the same manner 
as iodide ion from the entire solution, the addition of persulphate 
and the heating being repeated to make sure that all is removed, 
.AJways the volume of the solution must be maintained at about 50 
cc. to avoid oxidation of chloride ion, which might occur if the con- 
centration of hydrogen ion is allowed to increase. When bromine 
is all removed silver nitrate is added to the remaining cold solution, 
precipitating chloride ion as silver chloride. Only a few drops of 
silver nitrate should be added, otherwise silver sulphate would pre- 
cipitate. This might be taken for silver chloride. From a hot solu- 
tion silver chloride is rapidly oxidized by potassium persulphate to 
soluble silver chlorate. (M. Dillrich and M. BoUenbach, Ber. d, d, 
chem. Gesellschaft, 38^ 747, 1905,) 

A chlorate in the original mixture would oxidiEe iodide ion to 
iodate ion by the above treatment. As this is not decomposed by 
persulphate the iodide ion would not be detected. In this case silver 
nitrate is added to the original solution and the precipitated silver 
tialides are heated with dilute nitric acid. Silver chlorate is readily 
soluble in water and hence is not precipitated* To bring the pre- 
dpi ta ted silver halides into solution they are heated with some zinc 
in a little water to which a drop of sulphuric acid is added. Silver 
reduces to the metallic condition and zinc halides arc formed. 
These are soluble in water The persulphate separation may then 
be carried out as above given with the solution of the zinc salts,] 



146. Cyanide ion and cyanides. Cyanide ion shows a great sim- 
ilarity to the halide ions in its properties, particularly to ckloride imt^ 
A noteworthy difference exists, however, with respect to the dissa- 
ciati&n relations of hydrocyanic acid and its salts. This acid is an- 
alogous with the halogen hydrides^ but is a weak monobasic acid. 
Cyanides are less dissociated (5 49) than the other salts with which 
they may be compared as regards composition. The fact already 
mentioned in i5 7it that soluble cyanides have an alkaline reaction, 
agrees with these relations, 
[Cyanide ion has also a very pronounced tendency to form complex 
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ions» as has been often mentioned. These exhibit the reactionsl^ 
cyanide ion to only a very slight extent. 

The tests are made with a solution of patassium cyanide contaui' 
ing i/io formula weight per liter. * The solution is neutralized with 
dilute nitric acid. It forms no precipitate with bariimi ion. Lead 
and silver ions yield Ufhite prt'cipilaies of lead and siiver eyanidis. 
The latter dissolves in ammonia, thiosulphate and in an excess of 
potassium cyanide, 

A non-neuiralized solution is much mor^ active in precipitating the typical- 
cations. Furthermore the property of dissolving silver cyanide and other 
difficultly soluble salts h distinctly increased by adding potassium- or sodiuni. 
hydroxide drop by drop to the neutralized solution containing an excess of^ 
jtotassium cyanide, which is in contact with the silver precipitates. The fact^ 
that a non-netUralized solution of potassium cyanide has a stronger action in 
precipitating lead ion, and also give-s a distinct precipitate with barium ion, 
together with the above phenomenon, have a common cause. The concentra- 
tion of cyanide ion in the neutralized solution is much lower than in an alfea* 
line solution containing the same amount of cyanide. This follows from 
considerations like those holding in the case of carbonate ion (J 137 J, on the 
basis of a reaction between cyanide ion and water : 

CN' + H,Oi=sHCN + OH'. 

The fact that silver cyanide is scarcely soluble in cold dilute nitric acid, al- 
though hydrocyanic acid is a weak acid, leads to the conclusion that the con* 
cent ration of cyanide ion is very low in a solution saturated with silver 
cyanide. Silver cyanide dissolves to a noticeable extent in /tai water and h&t 
dilute nitric acid and reprecipitates on cooling the filtered solution. 

The following is a particularly delicate test for cyanides- A solu- 
tion containing cyanide ion is rendered sHghtly alkaline with alkali 
hydroxide and is heated a short time with a few drops of a solution 
of ferrous ion. It is then acidified with hydrochloric acid and a few 
drops of ferric chioride solution are added. A blue precipitaU 
forms, difficultly soluble in acids. When only a little cyanide is con- 
tained in the solution a blue coloration results. 

Complex ferrocyanide ion is first formed according to equations 
(4) and (5), § 68. This yields Prussian blue with ferric ion (con- 
sult the next paragraph) . 

Another method of testing for cyanides utilizes the deep red color 
resulting from the reaction between ferric- and sidphocyanaie ions, 
Sulphocyanate ion, SCN', differs from cyanide ion merely by its 
sulphur content. The latter ion takes up sulphur when it is brought 
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in contact with yellow ammonium sulphide. Hence the mixture to 
be tested for cyanide ion is heated in a test-tube with dilute hydro- 
chloric or sulphuric acid according to the method described in § 125. 
The delivery tube dips in yellow ammonium sulphide. The follow- 
ing reaction takes place: 

CN'+S„" = SCN'-hS(„.,/'. 

The contents of the test-tube in which hydrocyanic acid was ab- 
sorbed are evaporated to dryness on the water-bath. To destroy 
the excess of ammonium sulphide the residue is acidified with hydro- 
:hloric acid and is then tested with ferric chloride for sulphocyanate 
on. 

Fused alkali cyanides are rather strong reducing agents. They 
ake up oxygen and go over into cyanates: 

KCN+0 = KCNO. 

For this reason they are frequently used in blowpipe experiments 
[compare § 48). 

Many cyanides are decomposed with effervescence by dilute acids 
'occasionally even by acetic acid). They are distinguished from 
rarbonates, which have the same property of effervescing, by the 
'act that the escaping hydrocyanic acid renders silver nitrate cloudy. 

When heated to redness cyanides are variously decomposed, now 
yielding cyanogen, now giving rise to carbide and nitrogen, or metal, 
:arbon and nitrogen. 

147. Ferrocyanide ion and ferrocyanides. The test solution 
contains 1/40 formula weight of potassium ferrocyanide, K^Fe(CN)^,. 
3H2O, per liter. Ferrocyanide ion, Fe(CN)^,"", is light yellow. 
With lead ion it yields white lead ferrocyanide, but little soluble in 
dilute nitric acid, easily soluble in the concentrated acid. 

Silver ferrocyanide is white. Its saturated solution contains very 
little silver ion and hence the precipitate is only sparingly soluble in 
ammonia (compare § 13). 

Ferrous ion yields a white precipitate of ferrous ferrocyanide 
which quickly turns blue: 

Fe^e(CN), or FeK^e(CN).. 
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The blue color is caused by aa oxidation with atmospheric oxygen 
The ferrous salt goes over into ferric feirocyauide, which may alscr t 
be prepared directly by adding ferric ion to the solution of ferro- — ^ 
cyanide ion. The precipitate is called Prussian blu^ and has th r . 

composition FeJFe(CN"jJ,, It is practically insoluble in dOut^^^^S 

adds and is decomposed by alkali hydroxides and carbonates (com 

pare J l84» c, on the dissolving of cyanides) « j 

Soluble ferrocyauides are slow^ly decomposed by dilute acids, giv ■ 

ing rise to hydrocyanic acid- Concentrated s^ulphuric add decom 

poses them and forms the corresponding sulphates and carbon mon 

oxide. These reactions are formulated as foUo^'s: 

2K/e(CN),+3H,SO,- FeK^e(CN), + 3K,SO, + 6HCy, 

and K^e(CN),-^6HjSO,+6H,0 = 

2K,SO,+FeSO, + 3{XH,}3SO,+ 6CO. 



WTien heated in the bulb lube ferrocyanides yield simpler cyanides 
iron carbide and nitrogen. 

Accofding to its composition the hyctogen compound of feirocyanide iom *^ 

is a tetrabasie acid. The acid is rather unstable, however, as is evidenced b>"'^^' 
thit behavior of its salts towards other acids. It separates as a cystallini^s^^^ 
powder on mixing a concentrated solution of potassmm ferrocyanide with^C^** 
concentrated hydrochloric acid. 

148, Ferri cyanide ion and ferricyanides- A solution of pates- 
stum ferricyanide, K^e(CNj^, containing 1/30 formula weight per^ 
liter, is used for the tests. Ferricyanide ion has a yellow colon 
Silver nitrate yields an orange precipitate of sUver ferricyunide. 
The precipitate dissolves in ammonia, but is insoluble in nitric acid. 

Ferrous ion precipitates ferrous ferricyanide, Fej[Fe(CN)Jj, 
Turnbuirs blue, resembling Prussian blue. Ferric ion gives a broum 
cdored solution* Cupric ion forms grem cuprk ferricyanide^ 
Cu,[Fe(CNjj3, while with ferrocyanide ion broum cupric ferro- 
cyanide, Cu3Fe(CN)gj results (compare § 40 concerning the com- 
position). 

Ferricyanides react like ferrocyanides with dilute and concen- 
trated sulphuric acid, and in the bulb-tube they also give reactions-^ 
resembling those of ferrocyanides- 
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Perricyanic acid is tribasic. It is obtained in brownish green 
tcdles by adding fuming hydrochloric acid to a cold saturated solu- 
>n of potassium ferricyanide. 

149. The relations between ferrocyanide- and ferricyanide 
n. These two ions have the same chemical composition, but differ 

the number of electric charges. They have the same relation to 
le another that ferrous ion bears to ferric ion. Ferricyanide ion is 
I oxidation product of ferrocyanide ion. This relation is formu- 
ted by the general equations: 

Fe(CN)/-+0=Fe(CN)- (la), 

id Fe(CN)/'"=Fe(CN)/''+ (ib). 

hus in the presence of ions which can give up one positive charge 
can take up one negative charge, ferrocyanide ion goes over into 
rricyanide ion. 

Most of the reactions by which ferrocyanide ion is oxidized, illus- 
ate the latter class; for example, by oxidizing with chlorine, which 
rms chloride ion, or with bromine. Reactions in which ferri- 
*anide ion oxidizes certain substances are made use of to identify 
in the presence of ferrocyanide ion. 

Thus iodide ion is oxidized to free iodine in an acid solution (2), 
anganous hydroxide to manganic hydroxide in an alkaline solu- 
on (3) : 

Fe(CN)/''+r = I + Fe(CN)/'" (2),^ 

nd Fe(CN)/^^+ Mn(OH), + OH^=Fe(CN)/^^^+ Mn(OH)3 (3). 

In carrying out these experiments potassium iodide and hydro- 
bloric acid, or manganous salt and alkali hydroxide are added to 
le solution that is to be tested for ferricyanide ion. In the first 
Else a brown color is produced after a few minutes. Addition of 

* According to experiments of F. G. Donnan and R. le Rossignol, Proc. Chem. Soc., 
ondon, the reaction between alkali ferricyanides and alkali iodides in neu- 
*al solution is formulated as follows: 

2Fe(CN),'" + 3I' - 2Fe(CN),"" + 1,'. 
[owever many phenomena are not satisfactorily explained by this formulation 
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Starch solution gives the characteristic blue color caused by free 
iodine. In the second case light colored manga nous hydroride 
separates at first and goes over rapidly into brown manganic hydrox- 
ide. A parallel experiment without ferricyanide ion will show that 
the oxidation of manganous hydroxide by atmospheric oxygen (J 
80) takes place much more slowly. 

In dilute neutra] solutioiis, that is« with low conc^entrations of the ions 
taking part, the fii^ reacticm proceeds slowly and is ineomplete. It Uk^ 
place fff a mu£k shorter Hnte and to greater exienS^ howcvi^, when son^e diittW 
kydf&ckhric acid is added. Acetic add ts considefably less active (consaU 
II 6q and g6). Equation (2) does not state this» since il does not include 
hydrogen ion. Under these conditions the reaction is probably the following 



a 



Fe(CN)/" + H + r - HFe(CN)/" + 1 



tjb> - 




This explanation is baaed upon the assumption that the ion HFe(CN)/" ^ 
more readily formed than the ion Fe{CN)^'", It would follow fmm ihS 
that fcrrocyanide ion is a less active reducing agent in add solutions than 1^:=^*^ 
neutral or alkaline. 

Another method of detecting ferricyanide ion in a solution whic^^^ 
also contains ferrocyanide ion is based upon the difference in solu -*' 
bOity of the respective lead sails of these anions. Lead ferrocyanidmm^ * 
is much less soluble than lead ferric yanMe. Accordingly lead ace- ^^^ 
tate is added drop by drop to the solution untiJ the precipitate cease^s^ 
to form. The precipitate is then filtered. The filtrate is heated an< 
lead ion is precipitated from it with sodium sulphate. The filtrate 
from this latter precipitation will not contain more than traces ot 
ferrocyanide ion, but may contain considerable quantities of ferri- 
cyanide ion, A freshly prepared acidified solution uf pure ferrous 
salt, that is, a solution as far as possible free from ferric salt, is^ 
added to this filtrate. Ferricyanide ion is precipitated as blue fer— ' 
rous ferricyanide. If the solution contains only very small amounts 
of ferricyanide ion it assumes a deep blue color. 

I50» The detection of cyanides in the presence of ferro- am — 
ferri cyanides. It is specially important to detect cyanides in a mis— -^S 
tiire also containing ferro- and ferricyanides, because the comple i g ^^ ^^ 
ion cyanides are less poisonous than simple cyanides and certairc^ ^ 
other complex cyanides, for instance potassium nickel cyanide* ^^^^ 
Simple cyanides are more quickly decomposed by dilute acids than^"*^ " 
the complex ions of iron and cyanogen. Hence dilute hydrochloric::^' ^^ 
acid will leave the complex iron cyanides practically unchanged, ii ^^ 
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lase they are insolubk' in water. The soluble complex salts are 
partly transformed into ferro- and ferricyanic acids respectively, to 
an extent corresponding to the quantity of hydrochloric acid added. 

On adding a salt that is decomposed by acids, for example, a 
difficultly soluble carbonate, it is decomposed by the ferro- and ferri- 
cyanic acids and by the excess of hydrochloric acid. Hydrocyanic 
acid resulting from simple cyanides or the less stable complex cy- 
anides^ does not decompose carbonic acid, however, Ferro- and 
ferricyanic acids are transformed into non- volatile salts and hydro- 
ryanic acid is distilled off by the method described in $j 146 and 
t2 5, and is then delected as ammonium sulphocyanate. 

To carry &ui the tesi from half a gram to a gram of the given 
Tiixture is placed in a test-tube and diiuie hydrochloric acid is added* 
Then calcium carbonate is added in small portions at a time until 
he evolution of carbon dioxide ceases. The test-tube is next fitted 
mih a stopper and delivery tube and is heated by dipping it in a 
arger vessel containing hot water for a few minutes {see Fig. q, 

■ A violent evolution of carbon dioxide will sometimes carry over 
noticeable quantities of hydrocyanic acid. Hence it may be advisa- 
ble to attach the deliver^' tube immediately after the carbonate is 
added. The escaping carbon dioxide is then also passed into ammo- 
nium sulphide. The contents of the ammonium sulphide tube are 
treated according to § 146. 



151. Hypochlorous acid and hypochlorite ion. The test solu- 
tion must be made up immediately before use, since solutions which 
have stood for some time contain other ions in consequence of the re- 
actions mentioned later [see equation (3) ]. It is made by shaking 
tjp yellow mercuric oxide or finely triturated red oxide of mercury 
[Principles, p. 210, footnote) with chlorine water* It may also be 
prepared by passing chlorine into water containing mercuric oxide 
in suspension, until the reaction ceases to be visible. The chlorine 
Is most simply generated from manganese dioxide and concentrated 
hydrochloric acid. The gas is passed through two wash bottles 
(Fig, 8, § 122) to take out hydrochloric acid vapors which are car- 
ried over mth it. 
The solution should smell strongly of chlorine* It is left in con- 
:t with mercuric oxide, with frequent shakings until the most 
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Striking characteristics of chlorine (odor and color) are no longei 
observed* To remove impurities the solution is then decanted froiL -^ 
any unchanged mercuric oxide and the mercuric oxychloride~^2— » 
HgjOCIjt which is formed by the reaction: 



2HgO + 2Cl, + H,0-HgpCl,+ 2HC10 



(i)^ 



Fig* io. 



It is finally distilled fron 
an apparatus of the fornL 
show in Fig. lo. 

An attempt to neutralize 
the solution will show at 
once that this cannot be 
carried out. The litmus dye 
is quickly bleached in con- 
sequence ol the great in- 
stability of hypochlorous- 
acid . 1 1 decomposes spon 
taneously with an evolution 
of oxygen. 

Lead iw% forms a white 
precipitate, which goes into 
solution again by warming 
the contents of the test- 
tube. On standing the so- 
lution finaiiy separates 
brown lead peroxide: 



Pb" + CtO'H^ HjO -PbO, + Cr + 2H* 

Freshly prepared hypochbrous acid solution gives no precipitate 
with silver ion, or at most a very slight dmidiness (opalescence). 
After the solution has been kept for a while, however, it gives a dis- 
tinct precipitation with silver ion. This arises from the following 
transformation: 

3C10' = 2C1'+CI0/ 

The reaction proceeds more rapidly and to an increased extent when 
silver ion is present, since this yields insoluble silver chloride with 
the chloride ion and so removes it as fast as it forms. 
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Solutions of hypochlorites also have strong oxidizing properties. For the 
iame total concentration they probably contain more hypochhrite ton. They 
um litmus paper blue (from hydrolysis) » bleach indigo solution and evolve 
i continuoys current of oxygen in the presence of certain substanees, for in- 
tafice, solutions of nickel, cobalt or manganese salts. The transformation 
s^hich gives rise to chloride- arid chlorate ions (j) takes place to a greater 
xtent in alkahne solutions than in neutral solutions, since proportionately 
nore hypochlorite ion is contained in alkaline solutions. 

The oxidation of iodide ion to iodine by hypochlorite ion in dka- 
ine solutions is especalJy characteristic. This distinguishes hypo- 
chlorite from other ions, which oxidize iodide Ion only in acid solu- 
ions, or more correctly in solutions in which the concentratton of 
lydrogen ion is greater, for example, Cr^O^", NO'^XlOs'i lO,'. 

Chlorine is evolved by acidifying hypochlorites or hypochlorous 
^kl with hydrochloric acidi in consequence of the reaction: 



HCIO + H +C1' = H,0+C1, 



(4)^ 



This is a reversal of the change which chlorine undergoes when dis- 
^ved in water (§ 142), 

■152. Reactions of sulphocyanate ion. The detection of this ion 

R comparatively seldom an analytical problem* It belongs to this 
jroMp by reason of the practical insolubility of the silver salt in 
nitric acid. Of its special reactions the behavior towards ferric ion 
Is striking (consult § 69J. The red color oi ferric sulphocyannie 
disappears upon addition ol mercuric nitrate (distinction from ace- 
tate ion, I 158). Mercuric ion also influences the test for acetnie 
tonf but in this case the effect is by no means so striking as with 
ferric sulphocyanate. 

Only concentrated solutions of cupric ion precipitate black cupric 
sulphocyanate (jS 40). Dilute solutions give rise to a green colora- 
tion and separate cuprous sulphocyanate on standing. Black cupric 
sulphocyanate is also slowly transformed into white cuprous sulpho- 
cyanate when left in contact with the solution, even without the 
application of sulphur dioxide. 

Concentrated sulphuric acid decomposes sulphocyanates, forming 
carbon oxy sulphide, COS^ which burns with a blue flame, 

(155, lodate ion and iodates* The tests for iodate ion are car- 
ried out with a solution of potassium iodate, KIO3* or potassium 
rdrogen iodate, KHL,Ofl, containing i/io formula weight per liter. 
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When using commercial potassium hydrogen iodate a residue whici 
is practically insoluble may be left,* The solution has a strong acic 
reaction. 

With the typical cations (§ no) neutral and add solutions o; 
iodates yield characteristic white precipitates. Silver nitrate anc 
lead acetate form voluminous precipitates, appreciably soluble ir 
dilute nitric acid. The lead saft is more readily soluble. Bariu 
nitrate yields a rather less voluminous precipitate. It dissolvents 
slowly in moderately concentrated nitric acid, more readily when thg^— 
acid is xcry concentrated. This might give rise to errors in connec — - 

tion with group I, i. e. a precipitate of barium iodate might be mis 

taken for the sulphate or fluosiiicate if nitric acid is used. Thc^ 
diflSculty would not be experienced when hydrochloric acid is used^^^ 
since barium iodate readily dissolves in HCI. 

Silver iod^iie is curdy, white, readily soluble in dilute ammonii^ 

To detect iodates they must be reduced. Reducing agents lik^^^& 
sidpkur dioxide give a black precipitate of free iodine with the tes*^ -t 
solution, and effect a further reduction to the iodide. Ferrous iofmr^^ 
is the best reducing agent for iodates^ yielding free iodine with botfc^* 
neutral and acid solutions. Similarly antimonous chloride, SbCI,- ^^i 
forms only free iodine. Since insoluble oxysalts of antimony arc^^'C 
also precipitated the solution must be filtered. The detection ofc ^f 
iodine is then carried out with the filtrate by means of carbon disul — ^- 
phide. 

With potassium iodide neutral solutions of iodates yield a colorless:^ 
solution. When acidulated, even with acetic acid^ the solution be— 
comes reddish brown owing to the separation of iodine: 

SKI+K10,+ 3H,SO,-3K,SO,+3l,+3H,0, 

or 5r+IO/+6H-^5l,+ 3H,0. 

This reaction serves to detect iodates in the presence of iodides-_ ^ 
in case other anions which oxidize iodide ion to iodine, as NO',^ 
NO/, CIO/, Cr^O/', are not present. If these ions are present thi 
test is carried out as follows. The silver salts are precipitated, fil- 
tered and treated with ammonia, whereby all will go into solutioj 
except the iodide and ferrocyanide. From the ammoniacal filtrate^s^ 



il— -# 
sn^:^^ 



* Commercial potassium hytlrogen iodate is frequently used for the p\ir|K>94^ oi 
volumetric analysis to obtain a solution of definite acid titer. It often cofitJ 
the salt KH,IjO|t which is stiU more diffieuUly soJuble (Principles, p. aS$)^ 
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he silver salts are reprecipitated by acidulating with acetic or sul- 
•huric acid. This precipitate is then heated for a few minutes with 
ulphurous acid. By this means silver iodate is reduced to silver 
idide, which is readily detected by its insolubility in ammonia, 
liver bromate would yield silver bromide under these conditions. 
i'his salt is difficultly soluble in ammonia. 

154. Bromate ion and bromates. The test solution contains 
/lo formula weight of potassium bromate, KBrO,, per liter. The 
olution has a neutral reaction. 

It yields no precipitate with barium- or lead nitrate. Lead acetate, 
lowever, gives a slight cloudiness with the solution. Silver nitrate 
orms a white precipitate, soluble in dilute ammonia. 

When slightly acidified with sulphuric acid a solution of potassium 
)romate gives a red coloration with manganous sulphate. On boil- 
ng a brown black precipitate of manganese dioxide separates.^ 
Jnder similar conditions iodates and chlorates show no change of 
olor and form no precipitates. Bromates may also be recognized 
n the presence of iodates by the fact that silver bromate yields free 
Dromine when acidified with strong nitric or hydrochloric acid. 
This dissolves in chloroform with a characteristic yellow color. 

Neutral solutions of bromates yield a colorless solution with potas- 
sium bromide. When acidulated with sulphuric acid the solution 
becomes reddish brown owing to the separation of bromine: 

SKBr+ KbVo,+ 3H,S0, = 3K,SO,+ 3Br,+ 3H,0.] 

GROUP V. 

The anions of this group comprise nitrate-y nitrite-y acetate- and 
chlorate ions. They give no precipitates with the typical cations 
except in concentrated solutions. Hence to test for these anions the 
following characteristic reactions must be carried out separately with 
the original solution. 

155. Nitrate ion and nitric acid. The test solution contains 
i/io formula weight of potassium nitrate, KNO,, per liter. A defi- 
nite volume, about 2 cc, of the solution is mixed with an equal vol- 
ume of saturated ferrous sulphate solution in a test-tube. On pour- 
ing concentrated sulphuric acid carefully down the (dry) walls of the 
test-tube, which is conveniently inclined for this purpose, the acid sinks 

^This test is also due to Dr. H. H. Willard, University of Michigan. 
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to the bottom without mixing ver>* much with the solution aw 



surface of contact between the solution and acid a brown ring forms* 
This is due to nitric oxide which results from a reduction of the 
nitrate by ferrous ion (f 54, (2)). It dissolves in ferrous salt soiu- 
tions with a dark brown color The color disappears when the test- 
tube is warmed. Hence the brown ring test faiJs when not enough 
care is taken to keep the sulphuric acid from mixing with llie solu- 
tion. 

Bromide' and iodide ion disturb this test for nitrates owing to the ^ ^ 
fact that concentrated sulphuric acid decomposes their salts, settings 
free bromine and iodine respectively (j§ 143 and 144)- Therefore^; 
they must be removed from the solution before the test for nitrates 
is made. This is effected by precipitating them with lead acetate 
and afterwards separating the lead ion remaining in solution by 
means of dilute sulphuric acid. The removal of bromide or iodide 
ion is still more complete if stiver acetate is used instead of the lead 
salt. 



Silver acetate should be kept in stock always. It is made by shaking U] 
sodium acetate solution i^^th silver nitrate^ using an excess of sodium acetati 
The silver salt is washed with a mixture of alcohol and sodium acetate solu 
tion until it no longer gives a test for nUrate ion. To cairy out this tesr- 
&ome of the silver acetate is dissolved in water. The silver ion is then pre- 
cipitated from this solution by means of potassium chloride. This is neces- 
sary because silver ion is reduced by ferrous ion to metallic silver, which gives; 
rise to a brown coloration, thus interfering with the detection of the bno^ 
ring. Then the filtrate is tested for nitrate ion with ferrous sulphate am 
sulphuric add, being evaporated if necessar>^ 

The silver ion left in ihc solutiofi after precipitating bromide- or iodide i< 
with silver acetate, must likewise be removed by potassium chloride. Thij 
may be done before filtering the precipitate of bromide and iodide* Tli< 
filtrate is then tested for nitrate ion. 

Since the above operations ncce.ssarily increase the volume of the solutii 
considerably, it is advisable to reduce the volume somewhat by evaporatinj 
the solution on a water- bath before making the test for nitrate ion. Whili 
being heated the solution must have a rwutral reaction* 

Bichromate ion also interferes with the test for nitrate ion o^^^ng to thi 
coloration produced by the oxidation of ferrous ion ynth dichromate- -\ 
hydrogen ion. It is accordingly reduced to chromic ion by sulphurous acid 
The chromic ion is then precipitated with ammonia. 

Brucine is another very delicate reagent for nitrate ion. A diluti 
solution containing 0.2 per cent brucine in concentrated sulphurii 
acid is used and several cc. are taken for each test. A few drops o^ ^ 
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a solution containing NO/ impart a red color to the brucine solution. 
Xlie color vanishes in a short time.* 

This reaction is important in testing drinking water for nitrates. 
In this case the reaction of the sulphuric acid used for the test must 
fixst be determined with brucine, since sulphuric acid sometimes 
contains nitric acid. 

Indigo solution is decolorized when warmed with nitric acid or 
with nitrate solutions plus sulphuric acid (compare the behavior of 
hypochlorites) . 

Ammonia is formed by boiling a solution containing nitrate ion 
'W'ith zinc dust [or aluminum wire] and sodium hydroxide. The 
ammonia is then tested according to § io8. This reaction distin- 
guishes nitrate ion from chlorate ion. The equations are: 

4Zn+7NaOH+NaNO,=4Zn(ONa),+ 2H,0 + NH, (la). 

or 4Zn+ 70H'+NO,'=4ZnO/'+ 2H,0+ NH, (ib). 

Xn neutral or acid solution a reduction to nitrite takes place: 

NO,'+Zn+2H=NO/+Zn +H,0 (2). 

ISitrate ion is also indicated by the appearance of a blue coloration 
^^ adding a solution of potassium iodide with a little starch solu- 
^^^^H to a solution upon which zinc has acted in the presence of sul- 
F^J^Xiric acid. It must always be tested whether the coloration does 
^^^t appear also before the reduction with zinc and sulphuric acid 
^^^^ been carried out. If this is the case nitrite ion is present. 

Citric acid is a monobasic acid of the character of the halogen 
*^>^cirides. 

The fact that nitric acid oxidizes many substances and goes over into 
^^^Wer oxidation forms, NO, and NO, i. e. can give up positive charges, 
^^"^^s a possible explanation in the assumption of a dissociation according to 
*^^ following equations (compare also } 54) : 

HNO, = OH' + NO; (3), 

^nd HN0, + H,0-30H' + N0" (4). 

* 'The Tanishsng of the color is especially important. According to Lunge, 
^ ^ ^itschrift f^ angewandte Chemic, 15, i, 190a, it characterizes nitrate ion only, 
^^d is not characteristic of nitrite ion, which resembles nitrate ion in many re- 
spects (sec the next paragraph). Winkler, loc. cit. 170, states, however, that the 
^\^ve is true only when concentrated sulphuric acid is present in a sufficient 
^Xcess (about four times the volume of the nitrate solution). 
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These two reactions accompany the dissociation into H' *h NOj'. The extent 
to which they take place varies with the total concentration and the concefi- 
trations of the dissociation products* 

By heating nitrates with concentrated sulphuric acid brown vapors 
escape. They consist of NO^ or N^O^ (PrincipleSj p. 324). Nitric 
acid vapors decompose at higher temperatures according to the equa- 
tion: 



2HNO, = H,0+NjO,H-0 

(2NO,) 



(5)- 



As the temperature is raised the following reacdan also takes place 
to an increasing extent: 



2HNO3 = H,0 + 2NO + 3O 



(6)^ 



Solid nitrates also decompose with evolution of oxygen wherm 
heated to redness. On this is based the use of fused nitrates as oxi- 
dizing agents. Nitrates of the alkali- and alkaline earth metals 
decdVnpose according to the equation: 



KN03 = KN0j+0 



(7)' 



Those of the heavy metals^ as lead, copper, etc., yield oxides of the 
respective metals and mixtures of the oxides of nitrogen. 

156, If it rite ion and nitrous acid. A dilute solution containing' 
i/io formula weight of sodium nitrite, NaNO^, per liter, is used for 
the tests. Solutions of sodium nitrite have an alkaline reaction in. 
consequence of hydrolysis* To neutralize them acetic acid is added. 
They give no ver>' pronounced reactions with the typical cations 
{§ I loj, SUver ian gives a precipitate with this solution* The pre- 
cipitate dissolves in water and in nitric acid. Lead ion yields a 
yellow precipitate. 

Nitrite ion resembles nitrate ion very closely. Hence it is hard to 
identify and separate them* The difficulty lies in the fact that many 
properties which are utilized to detect nitrate ion in acid solutions 
depend upon oxidations which are still more distinctly obtained with 
nitrite ion. Hence the reactions of nitrate ion just described serve 
as a criterion when nitrite ion has been shown to be absent by the 
following means (compare § 155, footnote). 

The special tests for nitrite ion in a solution containing hydrogen 
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m, have already been mentioned: for example, the oxidation of 
dide ion to free iodine (§ 1441 (i)), which is particularly delicate, 
: the oxidation of cobaltous- to cobaltic ion (§ 83, (i)). 
The reducing action of nitrite ion towards permanganate ion is 
: interest in connection with its quantitative estimation, but is not 
luch used for the detection of nitrite ion: 

2MnO/ + 6H* + 5NO,' = 2Mn- + 5NO,' + 3H,0 (i). 

According to Lunge a solution for detecting nitrite ion in drinking water 
prepared by adding 2 cc. of naphtylamine solution to a solution of 0.5 g. 
Iphanilic acid in 1 50 cc. dilute acetic acid. The naphtylamine solution may 
^ prepared by heating o.i g. a-naphtylamine with 20 cc. water and diluting 
ith 150 cc. dilute acetic acid. 2 cc. of this solution are added to 50 cc. of 
e drinking water. If this latter contains nitrite ion a red coloration* is 
"oduced in 5-10 minutes. This is an important test. 

Nitrous acid is a monobasic acid of about the character of acetic 
rid. It is unstable, as is evidenced by its powerful oxidizing action, 
:id further by the fact that it undergoes spontaneous decomposition, 

e. with a loss of energy, according to the following equations: - 

3HNO, = HNO3+ 2NO + H,0 (2a) , 

r 3NO/+2H=N03'+H,0 + 2NO (2b). 

Solid nitrites evolve vapors of nitrogen trioxide, Nj03,withcon- 
Jntrated sulphuric acid. This partly decomposes into NO and 

ro, 

IS7, Separation of nitrite- and nitrate ions. To test for nitrate 
>n in a solution containing nitrite ion, the latter must be removed 
ithout giving rise to nitrate ion. This condition cannot be entirely 
ilfilled, i. e. the removal of nitrite ion is not even practically com- 
ete. Consequently the detection of nitrate ion with ferrous sul- 
late and sulphuric acid is always accompanied by the limitation 
lat only relatively larger quantities can be determined in the pres- 
ice of nitrite ion by means of a qualitative experiment. For a 
ight reaction may be caused by nitrate ion formed on removing 
Itrite ion, or it may be due to nitrates originally present. 

A practical method of destroying nitrite ion is the following: 
he nitrite solution is neutralized and is heated to boiling with a 

*Text books of organic chemistry deal with the theory of the above reaction. It 
epends upon the formation of an azo-dye. 
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solution of an ammonium salt (chloride), until it no longer gi\^"^e3 
the blue coloration at once, when acidified and tested with iodi^^e 
ion and starch solution (§ 144). Then the test for nitrate ion m^^y 
be carried out. 

The reaction between a nitrite and an ammonium salt is summ^ — r- 
ized by the equation: 

NaNO,+ NH.Cl - NaCi+ 2H,0 + N,. 

Leaving out the ions which undergo no essential changes of conce -^rm- 
tration this becomes: 



no;+nh;-n,+ 2HA 

An exact study of these relations has shown that it is y^ry essentia- ^^ 
to have the solution slightly acid, not neutral. These conditions e^;^^^* 
ist, however, on boiling the solution of an ammonium salt, for thc"^' 
ammonium hydroxide resulting from hydrolysis (J 71) breaJc^ dow"^*^**^ 
mostly into ammonia and water. Now evaporation causes a con 
paratively greater decrease in the concentration of the former procfc— *^ 
uct* Hence the conditions are favorable for an increased hydrolysiS^ '^B 
and for an increase in the concentration of hydrogen ion. This iS^ ^^ 
readily shown by boiling an ammonium salt solution for a f^^^-^" ^^^ 
minutes. It will then have a more distinct acid reaction than before^^^'^' 
This fact explains the above phenomenon that nitrate ion i i ^^ 
formed during the removal of nitrite ion in this way. For in th»^^^^^ 
presence of hydra geti ion nilrite ion goes voluntarily over into nitrai^^^ ^^ 
ion according to equation {2b) of the preceding paragraph, f 



158, Acetate ion and acetic acid. The test solution contains ^*^^ 
1/5 formula weight of sodium acetate, NaC^HjO^-jH^O, per liter ^"^^^ *"- 

It yields no precipitates with lead and barium ions, A leafy crystal-^^*' 
line precipitate forms with diver wn only when the concentration i^ ^^^ 
high. This indicates that the solubility product of silver acetate iss *^ 
rather large. jfl 

Acetate ion gives a dark red coloration with ferric ion. This i^^ ^^ 
due to the formation of slightly dissociated ferric acetate* Ferric 
acetate is decomposed by water, quickly when heated, separating 
basic acetate {compare jf 69 and also § 152 on the distinction betweer:^^^ 
ferric acetate and ferric sulphocyanate). 
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The dark red color is sometimes caused by an oxidation of iodide ion to 
odine, in case ferric- and iodide ions are present in such concentrations that 
;lie transformation : 

Fe • + r = Fe"4-I, 

ran proceed in the sense — ♦. Iodine goes into solution with a red color 
[ f 144) and volatilizes when heated. In case iodide ion is contained in the 
;olution, it is precipitated with silver nitrate before adding ferric chloride. 

With dilute acetate solutions the above test is sometimes indistinct. 
By combining the reaction with the Bunsen cacodyl test, however, 
'see below) it is always possible to detect even small quantities of 
icetate ion. The test is then carried out with the precipitate ob- 
:ained by boiling the solution with ferric ion. 

If tartrate ion is present (§ 138) the characteristic reaction with 
ferric ion does not take place, or only when ferric chloride is added 
in excess of the quantity used up in the reaction with tartrate ion. 
In this and in other doubtful cases the dry mixture of salts is heated 
in a distilling flask with dilute sulphuric acid. The vapors are con- 
densed in a test-tube and the distillate is then neutralized and tested 
for acetic acid by any of the characteristic tests. 

The Bunsen reaction is based upon the evolution of cacodyl oxide, 
a very unpleasant smelling gas, on heating arsenic trioxide with 
solid acetates in the bulb-tube: 

4NaCjH30,-hAsj03 = 2Na,CO,-h2(As(CH3)^0. 

The trustworthiness of this test is influenced by the fact that other acids 
of the acetic acid type also give this reaction. However the problem of 
separating acetate ion from the ions of closely related acids is very rarely met 
with, and therefore may be left out of account. 

A further characteristic reaction of acetates consists in the forma- 
tion of acetic ethyl ester, a pleasant smelling liquid of the composi- 
tion CHjCOjCjHj. It is produced when an acetate is heated with 
a few cc. of a mixture made up of equal volumes of alcohol and con- 
centrated sulphuric acid. The characteristic odor becomes distinct 
after a few minutes. The mixture of alcohol and sulphuric acid 
should be kept in stock. It contains some ethyl sulphuric acid, 
which reacts with acetic acid as follows: 

CH,.C0,H-f-C,H,HS0, = CH,C03C,H,-f-H,S0,. 

It is advisable to have on hand some of the pure ester for the pur- 
pose of comparison in doubtful cases. 
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Acetic acid in a mediuni strong monobasic acid. The great ^^ 
strength of hydrochloric, nitric or sulphuric acid is shown by tt^^ 
fact that these acids displace acetic acid from aqueous solutions <:^f 
acetates. Thus a mixture of hydrochloric acid and sodium acetate* 
gives rise to sodium chloride and acetic acid, and the transformadcp:!! 
proceeds nearly to an end in the one direction, even when the quac-».- 
tity of sodium acetate taken is only equivalent to the hydrochloric 
acid. All eflFects due to the concentration of hydrogen ion* are prc»- 
duced to a much slighter extent by acetic acid than by a solution c::»f 
hydrochloric acid of equivalent concentration* Hence the action c^»f 
kydrocliloric or nitric acid may be readily weakentd to a considerabi e 
extent by adding a solution of sodium acetate. This action cmf 
sodium acetate has already been pointed out in §§ 38 and 96. Ovr=^r 
it is superposed the action mentioned in § Sg, which increases 
efiFect as the excess of acetate increases. 

When heated to redness acetates decompose, giving rise to ca 
bonates or oxides, or even separating the metaL Simultaneous^My 
carbon and volatile organic compounds are formed. 



I 



159* Chlorate ion aad chloric acid. Tests for chlorate ion a^^v*^ 
based upon its oxidizing action. It is, however, a much weaker ox ::^^' 
dizing agent than hypochlorite ion, which voluntarily gives rise t^P^^^ 
chlorate ion under certain conditions. 
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This 15 a stnkiTig illustration of the fact that an ioti or substance whic 
forms spontaneously from a second ion or substance is to a greater or !e^ ' 
extent less active than the second ion or substance, in the case of a reactio-*^— ^^^ 
between either of them and a third substance or ion. It is due to the inU^"^^^^^' 
ratatioHs of the two ions or substances. The first contains less free energ^^^'^ 
than the second, i* e. it has less power of doing work. The change of energ^^^S-^ 
from the initial state of either substance to the state after the reaction wit ^^" ^ 
the third substance is greater for hypochlorite ion than in the case of chlorat:*' _^lt 
ion (consult Principles, p, 308) . 

The test solution contains i/io formula weight of potassium- 
sodium chlorate per liter. 

The solution undergoes no \isible changes with the typical cat*" 
ions (§ no). The following are the general equations for th ^ 
oxidizing action of chlorate ion in the presence of hydrogen io 



I 



*[A characteristic test for acetates, based upon this property, is given by S, B^ 
Benedict* Amer. Cbem. J,, 33^ 480, I904< See, also, ficdciiict and Snel!, J. Ame3 
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C10,'+6H- = Cr-f3H,0 + 60 (la), 

T CI0,'+6H- + 60 = C1' + 3H,0 (ib).* 

Thus chlorate- plus hydrogen ion will oxidize ferrous ion to ferric 
>n, iodide-, bromide- or chloride ion to the respective halogens, 
ulphite- to sulphate ion. 

To test for chlorate ion in the presence of nitrates the solution 
btained by the reduction of chlorate ion with sulphite ion or ferrous 
>n (FeSO J in acid solution' is precipitated by silver ion. In ac- 
ordance with the preceding a white precipitate of silver chloride is 
ormed, insoluble in nitric acid. For nitrate ion the evolution of 
mmonia on heating the solution with zinc dust (or aluminum) and 
Ikali hydroxide is characteristic (§ 155). 

The addition of chromate ion has a characteristic effect upon the oxidation 
f iodide ion by chlorates. The reaction proceeds much more quickly when 
ichromate ion is contained in the solution. This is shown by dividing a 
nixtuFe of potassium chlorate, potassium iodide, starch solution and sulphuric 
.cid into two parts, and adding a few drops of dilute potassium dichromate 
olution to one of them. The blue color arising from free iodine is produced 
Quch more rapidly in this case, although at the end of the reaction there is 
10 difference in the intensity of the color in the two cases. Reactions of this 
ort are known as catalytic reactions (J 164). Ferrous ion has an effect quite 
similar to that of dichromate ion. 

The transformation between silver chlorate solution and hydrochloric acid 
jives rise to a solution of chloric acid. The solution slowly undergoes a com- 
plex change, producing perchloric acid, HCIO^, chlorine dioxide and oxygen: 

3CIO/ -f 2H- - CIO/ + H ,0 + 2CIO,, 

2C10, = Cl,+ 20, (2). 

The transformations expressed in equation (2) also result by acid- 
ifying a chlorate solution with nitric or sulphuric acid. With con- 
zentrated acids and solid chlorates a very violent reaction, often 
explosive, takes place. Hence in testing the behavior of solid salts 
towards concentrated sulphuric acid according to § 177, it is im- 
portant to use always small quantities of the substances in question. 

Chlorates are decomposed with evolution of oxygen when heated 
in the bulb-tube (consult the following paragraph). 

'[It is worthy of note that formaldehyde does not reduce lO,' from a hot acid 
(HNO, or H,S04) solution, while BrO,' and CIO,' ^re each reduced under these con- 
ditions to the respective halides or free halogens.] 

'Of course hydrochloric acid must not be used to acidify the solution in this 
case. 
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e6o. Preparation of potassium per chlorate and potassiiiixm 
chloride from potasstmn chlorate. Potassium chlorate at fii^^st 
melts when heated. By increasing the temperature above that of th^« 
mehing point an evolution of g^s takes place, which increases witZ-Ji 
rising temperature. The generation of gas may be made still motr-^e 
violent by adding certain solids, i. e, manganese dioxide, ferric oxidi^^* 
and to a less extent by quartz sand. The action is catalytic in a M\ 
these cas^ ( ( 164), Finally the mass begins to solidify and become^^ 
completely solidified before the total amount of oxygen Is given o^K, 
which would be set free according to the equation : 



KCI0, = KCI+30 



(i; 



4 
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If the solid mass is now allowed to cool and is extracted with 
small quantity of water, it is observed that part of it dissolves abui 
dantly and that a residue is left, which goes into solution in a muc 
larger volume of water The solution of this residue possesse 
neither the properties of chloride ion nor those of chlorate ioi 
(oxidation of iodide ion to free iodine, § 159)- The residue is pata^ 
slum percMarat€y KCIO^. Its solutions contain the ions K' am 

cio;. 

Potassium perchlorate fuses when heated to higher temperature^ 
and evolves oxygen, decomposing according to the equation: 

KC10, = KCl + 20j. 

The fact that it is formed in the above case shows that potassiun^^^'^ 
chlorate in the fused condition, in addition to a decomposition int<^^ ^ 
chloride and oxygen according to (I), also undergoes the trans— ^^^^ 

formation: 

4KCIO, - 3KC10,+ KCl (2). 

The solidification of the fused mass of potassium chlorate before th^^ ^^ 
evolution of oxygen has ceased, is explained by the higher meltin^^^S 
points of potassium perchlorate (about 600^ C) and potassiun*'^*^ 
chloride (730*^ C), as compared with that of potassium chlorate. 

Preparation of potassium perchlorate from potassium chlorate—^ 
About 30-50 g. of the latter salt are weighed out in a thick-wallcd 
flask which has been previously weighed. The flask is heated until 
the mass fuses and is then further heated till a violent evolution oi 
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xygen begins. In case it is desired to collect the gas a stopper and 

elivery tube are fitted to the flask. The gas is collected by upward 

isplacement of water. 

As soon as the fused mass begins to solidify the heating is discon 

nued and the flask and its contents are weighed when cool. As a 

lie the glass becomes soft and changes its form during the experi- 

lent. 

The decrease of weight affords a means of estimating approximately the 

nounts of the products obtained. Assume that 'a' grams of KCIO, were 

.ken. If the reaction followed equation (i) exclusively, the decrease of 

48 

eight, X, — a g., since 1 2 2 .6 g. KCIO, would lose 48 g. oxygen. A smaller 

122.6 

jcrease of weight indicates the simultaneous reaction according to (2). By 

;suniing that the mixture left in the flask no longer contains any chlorate 

he assumption is only approximately fulfilled), the quantity of perchlorate 

•rmed may be estimated. If the actually observed decrease of weight is 'b ' 

b 
•ams, then .100 per cent of the chlorate has decomposed according to (i ) , 

b bXa 

id 100(1 — ) percent has undergone the transformation (2), i. e. — g. 

b ^ X 

id (i )a g. respectively. Since 4 formula weights of KCIO, produce 3 

>rmula weights of KCIO4, (2), it follows that 4X122.6 g. KCIO, would 

b 
ive 3X138.6 g. KCIO,. Therefore, if a X (i )g. KCIO, have actuaUy 

een decomposed according to (2), the quantity of potassium perchlorate in 

b ^Xi^8.6 
iie mixture left in the flask will be a X (i - -) X - -«aXo.8sX 
^ X 4X122.6 

I ) g. The quantity obtained in the manner given below should 

e compared with the quantity calculated in this way. 

The contents of the flask are loosened with a little warm water and 
re washed into a beaker. The whole is then heated. If all of the 
alt mixture does not go into solution, water is added in small por- 
lons at a time and the heating is continued until complete solution 
1 the smallest possible volume of liquid is effected. On cooling the 
Dlution to room temperature a crop of crystals is obtained. These 
re separated from the mother liquor by filtration and are washed 
y repeatedly moistening them with water. They are then tested for 

content of chloride and chlorate. To do this a small portion is 
issolved in water. Part of this solution is tested with silver ion, 
nother portion with potassium iodide and hydrochloric or sulphuric 
cidand starch solution (§ 159) for chlorate ion. A blue coloration 
t the end of a few minutes indicates the presence of chlorate ion. 
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In this case the salt is recrj^slallized, i. e. heated with just enoug 
water to effect complete solution and then cooled. The crystals 
which separate are collected. 

The mother liquors are evaporated to a small volume and cooled 
to room temperature. The crystals formed differ in shape from 
those of potassium perchlorate. They are separated by filtradon^ 
On washing them with water it is noted that nearly all goes into 
solution again. A small residue of perch lorate may be left- Thfe 
is added to the solution of perchlorate and is recrystallized with the 
rest. 

The solution obtained by washing the crystals of potassiij.:*^ 
chloride is mixed with the mother liquors. Essentially only potas- 
sium chloride is present, and frequently a little unchanged chlora^t^^ 
This latter is detected with potassium iodide starch solution 4- hydc — o- 
gen ion. 

To prepare pure chloride the solution is evaporated to dn'ne:^^^. 
The solid salts are then further heated in a drying oven or air-bal^ h 
and are finally heated to redness in a porcelain crucible until ,^^li 
chlorate is decomposed into chloride and oxygen. The test ^^or 
chlorate should now fail. 

Owing to the cost potassium chloride is not obtained commercially in t3 
way* The method has been described to point out the possibility of sepa 
ing the products of several reactions which take place simultaneously. 

16 1. The law of successive reactioui. Potassium perchlorate is an inteiu._^-*°^ 
diate product in the transformation of the chlorate into chloride and oxyg 
The reaction proceeds spontaneously at higher temperatures, i* e- is acco* 
jfanied by a decrease of free energy, and takes place in successive stag*^"^^ 
From beginning to end the different stages are 4KCIOJ, 3KC10,+ KC1* an — "^ 
4KCI + 6OJ (compare the preceding paragraph) ► This illustrate-s a genec 
law which may be applied in many analogous cases. The law was formulate 
by Ostwald and is expressed as follows (Principles, p. 30}). In all reactio 
the state that is nwsi stable under the conditions in question does not rts- 
at first, but states of lesser stability form, either the next less stable or i 
leasl stable at all passibh' state s. 

The system 3KC10,+ KC1 is less stable than 4KCI + 60a, i, e. it conta^fe^^"^ 
more free energy. Hence it passes spontaneously without any change of L^^^"^ 
external conditions, as temperature, into potassium chloride and oxyg^^^*^' 
However, raising the temperature ine readies the velocity of the transfomr^— ^*" 
tion. 

Another case which is also included under this law is the formation of s^ ^'" 
phur dioxide through the combination of sulphur with oxygen* This rep 

^An air-bath may br improvised by const rue tiag a am all tripod from brass w^^ 
Thiii is placed on t)ie asbestos wire gauaie and supports the evuporuling dish in wlv 
the Solution h evaporated^ 
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ents tlie first stage. The second stage is the further combustion of the diox- 
de to trioxide by using catalyeers* for example^ finely divided platinuin (Prin- 
riples, p. 283). This reaction does take place voluntarily, but proceeds so 
lowly tbat it cannot be used technically without the help of catalytic agents. 
Other cases coming under the head of successive reactions are afforded by 
he intermediate formation of more readily soluble modifications of a sub* 
tence (4 86, footnote, and | 1 15) , when the components are brought together. 
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163. The separation of several substances by means of fractional solutian, 

rhe following remarks concerning this problem » which is very often pre- 
en ted to the chemist, can by no means include all the possibilities that arc 
iffered for consideration. They are intended to add to our knowledge of 
he methods used in the simplest cases, for instance^ in the above case where 
t rriiJtture of two salts (with three ions, viz* one in common » K', and CV and 
no/) is dealt with. 

As has been stated already in ft 90 the relations are the following in the 
^resent cxaAple* Since the two substances contain a common ion, K\ the 
olubility of each is reciprocally influenced by the other* ^ The decrease in 
he solubihty of the more difficultly soluble sait is proportionately much 
rreater than that of the more soluble salt. Nevertheless the solubility of this 
atter is also lessened. As long as the mixture is extracted with small quan- 
ities of water or other solvent, which do not suffice to dissolve all of it, that 
s, so long as both solids are present, the different portions saturated with 
^^espect to the two salts will have the same composition. This is evident 
dnce the solubility of a substance isfixfd as long as any of it is present in 
soh'd form. In this case only an alteration of external conditions, as temjiera- 
ture (5i 6 and jo), will change the composition of the solution* Similarly, 
mth tu'o salts the composition of the solution is invar iabk under definite 
external conditions when the two salts are present in the solid state. 

The invariability of the system ceases when one of the solid salts vanishes, 
asually the more readily soluble. Then more of the remaining salt will go 
into solution on further treatment with the solvent, in accordance vtith the 
dighter decrease of the solubility through the lower content of the other salt 
with a common ion \n the solution fji 90)* Solutions are finally obtained 
which contain practically none of the more readily soluble salt. This indi- 
::ates that the residue consists of only one of the two salts, nsually the less 
loluble* The residue may consist of the more readily soluble salt if it was 
present in very great excess over the other to begin with, or when the soly- 
bility products of the two salts are not very far removed from one another* 

Hvaporation of the solution saturated with respect to both salts will not 
serv^e to obtain the more readily soluble salt in the pure state. The same 
result is always obtained by repeating the operation of dis^^olving and evapo- 
rating^ unless account is taken of the unequal velocities with which different 
salts often go into solution and separate on cooling, A further separation 
can be effected only with the aid of another expedient which produces a 
change of the important property, the solubility, A chemical transformation 
of one of the substances serves this purpose, as was efiTccted in the above 
by heating to redness. Another means consists in altering the solvent 

jiThe formation of Rouble salts or complejc kwis t& not taken into account. 
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by adding another substance to it, on the supposition that th© Utt«r affec==^ ts 
the two salts to a different extent- 

Those fractions which are uHsa£uraied with respect to the more read! Jy 
soluble substance contain proportionately rather more of the difficultly solut^^ le 
substance than would be present if the solution were saturated with the oth ^^r 
salt* By evaporating the solution and then repeating the operation of di .^i* 
solving with the residue from evaporation * the more difficultly soluble cor^Kn- 
ponent can be separated. 

The success of this method depends upon external conditions, which m^^y 
bjE varied at will, as for example^ temperature. This can be estimated appro^^»|. 
imately when the dependence of the solubihty of the single salts upon t M l e 
exten:iaE conditions in question is known, taking into account also the diss-^^- 



flations. The following table ill 
I oo g, water dissolve* at 


ustrates t! 


\ie above 
50* c. 


point: 


g. pota>^sium chloride 


aS-So 


42. s 


. 5^'^ 


g. fjotassium perchlorate 


0.70 


6.45 


19. go 


KCL 

Ratio of the solubilities ,<. 


40 7 


6.64 


2M 



It is evident from what has just been stated that the success of a separate -^^ 
by fractional solution is considerably gricater at lower temperatures in t^fc^i^ 
case. 



, 163. Separation by means of fractional evaporation* Similar considerati(^ 
hold in the case of separating two salts (with a common ion) from a gtv" 
solution by removal of the solvent. The removal is effected at a definn 
temperature by evaporating the solution. The temperature need not be ic 
C, A bath at a lower temperature will also serve the purpose. Under the 
conditions the tnore difficultly soluble salt will separate first in the major 
of cases, since its solubility product is reached first, provided supersaturati 
is excluded. This is readily eHected by means of inoculation* The salt sep 
rating first is obtained in pure state so long as the solubility product of 1 
other more readily soluble salt is not reached on further decreasing the qua 
tity of solvent. Afterwards a mixture of the tTvo salts is separated. Th-^*^*^' 
are present in the ratio of their total concentrations in the solution saturat^^^^ 
with respect to both. 

To separate the precipitated pure substance and the precipitated fHixtur^ t^^^"^ 
precipitates are removed from the liquid at definite intervals by decantati.^^^*^ 
or filtration. After washing the first precipitations consist practically of tr^^*"^ 
less soluble salt. Those fractions which separate last consist of a mixture^^^^^^**' 
the two salts, having a definite composition. Between these extremes occ^^'^^^ 
fractions containing some of the second salt, but less than the amount tha^^^ '^ 
present in the mixture of invariable composition. From these latter fractic^^:-^^^ 
the first salt may be separated by repeating the operation. 

Other means must be employed to separate the salts in the mixture of cdi^''* 
stant composition. Chemical methods are most successful. 

Disturbing influences have not been taken into account in these remai^ *^* 



'From Landolt and Bornstem's Tables, 
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To be considered especially in this connection are the formation of dotible 

E^Its^ mixed crystals* and mixed amorphous precipitates.* 

More complex cases may be omitted here since the difficulties aine generally 
nore simply overcome by chemical methods, 

164. CatalyzarSi In the case of the dii^solving of a carbonate ({ g6) or of 
ihe action of dichromatc ion as an oxididng agent (fi 144) in the presence 
>f dilTerent acids, phenomena have been pointed out from which certain 
deductions can be drawn concerning the concentration of hydrogen ion in 
i^arious acids. These conclusions are derived frtim the course of the reac- 
tions, which varies in each case with the nature of the acid» and also they 
kre based upon the assumption that the chemical action of an ion or dis- 
solved substance is proportional to its concentration. 

In other cases, for example the reduction of chlorate ion by iodide ion, the 
reaction velocity is very much increased by the mere presence of small 
^.mounts of other substances which apparently take no part in the reaction. 
Thus dichromatc ion or ferrous ion accelerates the reaction in the example 
dted ( \ 150^ Similar effects are produced by substances which do not come 
Into the equation for the reaction in the following cases; by water in connec- 
tion with the action of ammonia on mercurous chloride (| 17); by the spon- 
taneous decomposition of hy]>ochlo rites through cobalt, nickel or manganous 
salts {I 151) i in the decomposition of chlorates, by manganese dioxide 
(f i6o)« and also in numerous other examples (Principles, pp. 104 and 157^ 
also The Scientific Foundations of Analytical Chemistry, translation by Mc- 
Gowan, p. 71). 

Those substances which alter the velocity of a chemical reaction without 
taking any part in it chemically* are termed catalyzers. The reactions in ques- 
tion would also proceed volunktrily unikout thi CQialy^§r (but at a quite 
different rate), and would take place to the saftte fxtent, other conditions re- 
maining unchanged. If, therefore, a catalyzer is added to a sysk*m in equi- 
libi^ium, the system will remain in eguilibriunt. When the system is not 
in equilibrium the catalyzer alters the velocity with which equiUbrium is 
reached. 

Substances which increase the reaction velocity, are termed positive cataly- 
zers. Those which retard it are negative catalyzers. An example illustrating 
the action of a negative catalyzer is afforded by the means {mentioned in 
I 131) of keeping a solution of alkali sulphite from oxidising with atmospheric 
oxygen through the addition of small amounts of glycerine or alcohol. 

The experience which has hitherto been gained in this very important do- 
main, has shown that there are specific and general catalyzers. The former 
are active only in certain definite reactions, the latter alter the velocity of 
certain classes of reactions. Thus iron salts catalyze many oxidation and re- 
duction reactions. Platinum black catalyses those reactions in which hydro- 
gen or oxygen or both take part. Furthermore hydrogen ion catalyzes many 
reactions. Past experience has not shown that it is chemically directly active 
in these cases, 

165. lUUtiOJii between the different states of oxidation of an element. An 

^Compare, Ostwakl, Grundriss 4er jaligenieinen Chemie, p, 155, 4th edition. 
'K^^iter and THiel, Zeitscbrift fur anorgHntsche Chemie, 19, jjS, 1899; 36, aoi, 
iOOi;33, 139. 1903. 
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essential dif!erence exists in the rGlatiotis between the anions and catioiisof 
the different states of oxidation of an element and their composition. The 
various cations of a given metal, for example, Fe*' and Fe'", Cu' and Cu", 
Hg* and Hg'\ and Sn" and Sn"*\ have the same composition and difftr only 
with respect to the number of positive ckarga* 

The relations are quite different for a series of anions composed of two or 
more elements, which contain the same elements, as the following exampla 
show: 

hypochlorite ion, CIO', chlorate ion. ClOj', perchJorate ion. CIO/; 
nitrite ion, NO/, and nitrate ion, NO/; 
sulphite ion, SO/', and sulphate ion, SO^"; 
phosphite ion^ PO,'"', and phosphate ion, PO/". 

In these cases the difference between the anions of the various states of 
oxidation do not relate to the number of charges^ but to the compositwn, A 
higher oxygen content* corresponds to a higher state of oxidation. 

Apparently this openly opjjoses the rule set forth in { 53 that a gain of posi- 
tive charges or a loss of negative accompanies a transformation into a higher 
state of oxidation or valence. 

Tlie contradiction is readily obviated, however, by taking into account thJit 
water plays a role in the transformation from one state to the other. Thus 
water takes part in the transformation of sulphite ion into sulphate ion by 
giving up oxygen. Hence hydrogen must either escape as a gas or mtist 
fomi hydrogen ion. The former is not the case, while the latter is, provided 
a substance is present which can give up positive charges, i\ c., acts as an oxi- 
dizing agent. 

The general equation for this reaction Is : 



SO/' + Hfi + 2 O^SO/' + 2H' 



<i). 



SO/' + HaO corresponds to a lower state of oxidation of sulphur, as oQtR- 
pared with SO/' + aH', The latter is an oxidizing agent towards an ion Of 
substance which can take up the two positive charges of the hydrogen ions, or 
can give up negative charges equivalent to the vanishing of 2H*. It has al- 
ready been stated (| 143) that sulphate- plus hydrogen ion is an oxidizing 
agent towards bromide or iodide ions. The reaction then taking place is the 
reversal of equation (i). 

Analogous equations may be set up for the relations between other oxygea 
anions ; for example : 



and 



and 



C10' + 3H,0+40^C10/+4H' 
CIO' + 3H,0^±C10/ + 4H^ +4O 
aO/+H.O + 2{)^C10/ + 2H' 

CIO/ + H,Oi^G10/ + 3H' + a('r 



(3b); 
(Jb). 



^Phosphite ion is an anion of phosphorous acid and its salts (phosphites). 

^Sulpharsenite-* AsS/"^ and sulpharsenate ion, AsS/", are analogous with arsCTiit*- 
and arsenate ions rCTpectlvely, With the&e the difference relales to the sulphur 
conterit. 



It will be weU to complete this survey with the relations to the lowest oxida- 
ion form in the ^nes of the ehlorine anions, chloride ion and hypochlorite 
□n: 
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Bromine + hydroxy! ion acts as an oxidizing agent of the second kind fof 
he oxidation of chloride ion to hypochlorite ion* If hydroxyl ion is lacking 
fee reverse transformation takes place, other conditions remaining the same* 
The transformation of chloride ion into chlorine according to £ 141, (j) 
al^o an oxidation. In order that chloride ion goes over into chlorine^ 
inother ion must give up positive charges or take up negative, t\ €\, must act as 
m oxidiiing agent* The dilferent oxidation forms of chlorine may be ar- 
mnged in the following series according to the number of positive charges 
^hjch an oxidizing agent must give up to transform chloride ion into one of 
be higher oxidation forms: 

Cr. CI, CIO', CIO/, CIO/. 

By applying the above equation it becomes evident that the numbers ttn 
I, a, 6g S* 

In these and in similar case^ the substance which gives up positive charges 
^r ta^kes up negative is not defined. 

Besides the eases just considered some are also known where the anions 
corresiKjnding tt> different degrees of valence, have the same composition and 
differ only by the number of charges. The anion corresponding to the lower 
state of oxidation has the greater number of negative charges. 

Cases of this kind are afforded by the pairs of anions : 

PefCN/"' and Fe(CN}/^ MnO/' and MnO/* 

^66, Eelations between the states of oxidatioii and the oxidizing and reduc^ 
action of a suNtance. It has already been pointed out that the lower 
states of oxidation are sometimes stronger oxidizing agents than the higher 
oxidation forms. For example, nitrite ion acts as a stronger oxidizing agent 
than nitrate ion (f 156)* hypochlorite ion || 151) stronger than chlorate 
ion (t 159}- 

It follows from this that the statt^s 0/ oxidation defined by the number of 
charges in the case of cations or by the content of the ions in oxygen or sul- 
phur in the case of anions (J 165) do not follow the order in which the ions 
act as oxidising or reducing agents. 

Similarly the phenomena observed with metallic compounds show that the 
cation with the largest number of positive charges (or a compound corre- 
sponding to it) is not necessarily less stable than a cation of the same metal 
with fewer charges. (The same holds true for a compound corresponding to 
it.) The former does not of necessity pass voluntarily into the latter in the 
presence of a third substance which can take up positive charges. On the 
Dontxary the reverse changes may take place in different cases* Thus, for ex- 
ample, mercurous halides (4 17) are transformed voluntarily into mercuric 
halJdes and mercury ► Furthermore stannite ion decomposes in alkaline solu- 
tions into stannate ion and metallic tin ( j 47) : 

aSnO/' + H.O-SnO/' + 2(OH') +Sn. 
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Luther has shown that there exists a numerieal relation between the ions 
or compounds con^spcnding to the different states of oxidation. That $Uit 
of oxidation which is the stronger oxidizing agent also has a gtealer Undincy 
to act as a reducing agent. 

The following considerations will help ns undenstand these relations. The 
above equation reads in words as follows: the middle state, stannite ion^ 
passes voluntarily into the higher state, stagnate ion (oxidation) and the low- 
est state, metallic tin (reduction) * This relation between stannite- and simi' 
nate ion, in which stannite ion acts as a reducing agent, and between stannite 
ion and tin, in which it acts as an oxidizing agent^ is not limited to cases where 
tin^ and st annate ion are formed simultaneously from stannjte ion. It holds 
also for other reactions in which stannite ion takes part. Thus tt may act as 
an oxidizing agent in cases where metallic tin and some oxidation product 
other than stannate ion are formed. The same is also true of other ledudflg 
actions of stannite ion, in which stannate ion and some product of reduction 
other than tin are formed. From this it follows that stannite t^m not only has 
a stronger oxidizing action than the highest state of oxidation^ stannate wit. 
in cases of oxidation, but also that it is a more efficient reducing agent thaii 
the lowest state of oxidation, metallic tin. 

These considerations may be applied qualitatively to all cases in which the 
middle state of oxidation voluntarily decomposes into lower and higher form&i 
irrespective of the influence which the concentration of the substances taking 
part has upon the transformation of the various states of oxidation. This 
mEuence of concentration, howe^'er^ has a very important bearing upon an 
exact nHmerical treatment of the cases in question. The qualitative consider" 
a lions thus afford a prolific source of aids to our understanding with respect 
to many phenomena which apparently are not at all related to one another. 

A case where the middle state of oxidation is voluntarily formed from the 
higher and lower states, is afforded by iron in its relations to ferrous and 
ferric ions. Under certain conditions of concentration the reaction 

aFe' -fFe-jFe'*, 

taktes place spontaneously. In comparison with ferrous ion, ferric ion is the 
etronger oxidizing agent in cases where ferric ion reacts with a third sub- 
stance to form ferrous ion, and where ferrous ion passes into metallic iron. 
Metallic iron ts also a stronger reducing agent than ferrous iron in cases 
where either of them is oxidized by a reaction with a third substance. For 
the demonstration of these relations consult the papers of LtUkert Zdtschrift 
fiir physikalische Chemie, 34, 4Sft» 1900 and 36^ 385, 1901. 

167, Valence. Hitherto valence has been used in a somewhat variable 
sense. It is referred to the valence of ions on the one hand, and to the valence 
of elements in their componds oti the other. 

The valence of an ion is expressed by the number of po^tive or negative 
charges. Thus the ions Cf, Br', NO/, MnO/, K", Na\ NH,% are univalent. 
SO/', CO/', MnO/\ Mg", Ca*', Fe'% are bivalent, PO/". Al"' Pe'**, an; 
trivalent, Fe(CN)/"' and Sn"" are quadrivalent. The theory of chemi- 
cal compounds aims to establish simple relations between the greatly 
varied compounds of all elements. It explains the limitations that exist with 
respect to the ratios in which, say, two elements can enter into combinations 
according to their combining weights to form new substances, by assigning 
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deiioit^ valence to each element* For compounds which ane composed of 
elements the following relation exists between the valencies of these 
elements. The product of the valence with the number of combining weights 
t>f the one clement is equal to the product of the valence ^nith the number 
of combining weights of the other. H* CI, Na, K are univalent elements, 
O, S* Mg are bivalent, N, P are trivalent, C is quadrivalent* The relations^ ap- 
pear to be less clear in the case of a compound composed of more than two 
elements. The difficulty is overcome^ however, by assigning a definite 
valence to certain groupii of elements, or radicals, which frequently take 
Bile place of one element. Thus the radicals OH, NH^, NO,, NO,, CN are 
Hptvaient, SO^^ CO, are bivalent, etc. Accordingly the above relation will 
HIso hold in these cases, i. r., the products of the valence with the number 
^yt combining weights of the radicals or elements in each compound are the 
same^ In the above sens^e valence has the significance of numbers without 
dimensions. It should always be borne in mind that valence must not be 
confused with affinity. 

Application of the above-mentioned rule to the compoimds HCI, H /), N H j, 
NaCU MgClj, MgO, CO^, CH,, NH.Cl, (NHJ^SO^, etc., shows thai the 
ratios in which the different elements or radicals enter into combinations 
according to their combining weights^ are in fact in accord with their valencf. 
The attempt to extend this relation to all compounds has led to contradic- 
tions between the assumption and the actual relations. Accordingly the as* 
sumption has been broadened m the sense that the valence of an element ts 
not restricted to one value. Thus nitrogen is assumed to be hi-, tri-» 
quadri, quinqivalent, chlonne is uni, tri-, quinqui and heptivaient, sulphur 
is bi-, quadri and hexivalent. 
The student js referred to text-books of general chemistry for information 
■Bonceming the numerical values of valence, so far as these have not already 
^peen given. A further connection exists between the valence of the etvntents 
Hirhich form the components of complex ions, and the vaknce of the ion. It 
■ifill serve to clear up the relations met with in these cases » 

According to this rule the valence of the complex ion is determined by the 
difference between the products of the valence with the number of combining 
Weights of the single elements making up the ion. It follows that the valence 
of one of the elements which constitutes a component of a complex ion, can 
be determined from the formula of the ion^ if the valence of the other 
element or radical is known, and the number of charges are also known, 

tliiB problem is frequently encountered in practice. 
Very often the complex ion contains oxygen. To determine the unknown 
aJence in this case, the ionic valence is sublracted from or added to the 
l^roduct of the valence with the number of combining weights of oxygen. It 
■ s subtracted when the complex ion is an anion, added when it is a cation, 
*rhis difference or sum is di%'ided by the number of combining weights of the 
^Dther elements that are contained in the formula weight of the complex ion. 
*The value so obtained is the valence sought.^ The following examples will 
^erve as illustrations. Suppose it is desired to determine the valence of man- 
gftnese in permanganate ion. The rule gives 

'The anions of the organic acids mentioned in i\ Il6| 158 and 1$B constitute 
ltceptiot)£. This is due to the chBracterisiiu behavior of carbon. ThiosuJphate 
(I lajl also affords a special case. 
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Manganate ion, MiiO^", contains hexivalent inanganese, 

4X3-3 




(r> 



(O- 



What are the %^alencies of chtorine in the ions CiO', CIO/, ClO^', and of sul — 
phur in the ions SO/', SO/'? 

The ions SbO' (f 46), BiO^ (J 37) and uranyl ion, UO/* (|f lit) are ex:^ — 
ampks of complex oxygen cations. The rule gives 3 as the valence of anti- 
mony and bismuth » 6 for urantnm. 



1 Xl + I 



-3 



and 



aXa+a 



-6 



Cs), 



(4) — • 



A close consideration of the relations described above for complex ions, an(P^— « 
in particular for those containing oxygen, leads to some interesting deductions^ . 
By transposing equations (1) and (3), the ionic valence is obtained as a valu^^ 
derived from the products of the valencies of the element* with their combin^ | 
ing weight factors. Thus — 7 + B -= i and — 3 -t- 2 = — i. 

By changing the sign on each side of the equations the valence of permanga- 
nate ion is expressed as a negative value, that of antimonyl ion as a positive 
value* This permits another formulation of the alK>ve rule* The ionic 
valence is the algebraic sum of the products of the valence of the single ele- 
ments with their combining weight factors* By this the valence of oxygen 
is expressed as a negative value. 

The relations are subjected to no change when the complex ion contains 
sulphur in place of oxygen.' The rule also applies to cases which are appa- 
rently more complicated. Thus it gives 3 as the valence of iron in the complex 
ion, Fe(CN)/" fj 148)^ 



6X1- J 



= J- 



In accordance with the composition of hydrocyanic acid cyanogen is assumed 
to be univalent. By transposition the ionic valence becomes; 

3-6--J. 
It is expressed as an algebraic sum when cyanogen is assigned a negative 
valence (-- i). 

These considerations apply also to cobaltinitrite ion (| 83)* From the com- 
position of nitrous acid the nitro-group is univalent and the summation 
rule gives it a negative value. 

Nitrogen in ammonium ion is trivalent and negative according to the rule 

-3+4-J. 

^This is not generally true without certain restricticms, but boldK in all cases dealt 
with in this text. 
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Hydrogen is univalent and positive, since it forms univalent cations. 

It is -worthy of note that the elements or radicals which have a negative 
valence according to the rule, also form negative ions. It is not permissible, 
however, to reverse the rule, for this would lead to contradictions. While 
these are not incontrovertible, they would, however, lead us beyond the 
bounds of the present text. 



PART IIL 
THE COMPLETE ANALYSIS OF A GIVEN UNKNOWN. 

PRELIfflNARY OR DrY TeSTS. 

i68p General. The methods and fundamental theory underlying 
the identification of the cations and anions contained in a solution 
fiave been treated in the two preceding parts. Hitherto the problem 
>f preparing solutions of the given substances that are required for 
his has been left an open question. This latter phase of the prob- 
em now presents itself for our consideration. 

Lin case the complete analysis of an unknown is in question, a so- 
mlled preliminary or dry test is first carried out with a small portion 
»f it before testing for cations and anions. This serves the purpose 
A indicating the combinations of the components that are present, 
uid will also lead directly to the identification of certain components. 
The phenomena accompanying the reactions that are brought about 
ATith this end in view are more complex and therefore less definitive 
ihan are the tests for individual cations. Hence the phenomena 
must be considered as a whole in estimating the results of the pre* 
liminary tests. To facilitate this, phenomena characterizing certain 
:ompounds or components have been tabulated in the following 
mragraphs and 5er\x as a guide. Dry tests comprise the study of the 
^known under the following conditions: 

1. When heated in a closed tube (bulb tube). 

2. When heated on charcoal or when reduced with sodium. 

3. In the phosphor salt and borax beads. 

4. In the flame of the bunsen burner. 

5. With acids. 

6. With water and acids as solvents. 
For the sake of completing the results other properties, as odor 

.nd color, which are directly evidenti are also taken into account in 
.ddition to the above reactions. 

In case a uniform liquid is presented for analysis a portion of It is 
evaporated to dryness on the water- bath. With the residue so ob* 
ained the dry tests 1-5 are then carried out, 
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169, Coarse grained solids must be pulTerized before they c 
be analysed. Great care is requisite to prepare for solution ve 

hard objects, as minerals or rocks. 

As a rule these are composed of substances of different hardne: 
Insufficient trituration reduces them to particles of irregular si-^ 
To avoid errors the finer particles are mechanically separated (rc^- 
the coarser and the latter must be again triturated until the wk 
mass has attained a definite average degree of fineness, 

A sieve is used to separate the finer from the coarser particles, 
may be readily improvised by stretching some linen of suitable fin^ 
ness over the neck of a broad soft-mouthed bottle. The powder 
be sieved is placed on the linen, A piece of sheet rubber is thi 
stretched over the top of the bottle- By gently beating the rubl 
with a suitable beater (not too hard ; a glass rod covered with nibbi 
tubing ser\Ts admirably) the separation is readily effected. A; 
coarser particles left on the linen are then pulverized again and ai 
sieved as before. [When a small Jar milJ is available ^ of course t^ 
pulverized product need not be sieved.] 

170. Experiments with the closed tube have already been illus 
trated in § 35. Certain phenomena are rendered more distinct b^ 
holding the tube in an inclined position. The following changes ar* 
most frequently observed: 

(A) Water is driven off: indicates salts containing water of crj^s 

tallizalion; the phenomenon is occasionally accompanied by^ 
a change of color or a crepitation (alkali chlorides) due to 
a shattering of the crystals. Often the salts melt (alka- 
lies)^ also without giving off water. 

(B) A sublimate forms. It has the characteristic property of 

being easily driven from one place to another by heat,* 

*This phenomenon will be understood by applytng Watt's principle. Tempera- 
lure differences existing in a closed space will drive a vaporisaible substance from 
the warmer to the coldest parts. This h due to differences in the vapor pressure 
of the vapor- forming substance at different leinperatures. Higher pressures 
correspond to higher temperatures. Different pressures, however, cannot retnaia 
eo'fxist^nt rn the same space^ but they become equnli^ed. The vapor seeks a poaa?* 
tion of lowest pressure (that is. the coldest portion of the space), where it 
condcnseK. This ^continues until the pressure corresponding to the lowest tem- 
perature ruJes throughout the space » when all sglid is vanished from the hotter parts. 
The condition that the space is closed, is not fulfiled in the bulb-tulie ex.peri- 
ments. The length of the tube, however, retards diffusion Ljetween the vapois 
in the tube and the surrounding atmosphere* thus affording an approxim«* 
tlon to the above condition. 
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A white sublimate indicates: 

Ammonium salts (in this case the vapors smeli of ammo- 

nia), arsenic and antimmiy trioxides, mercury salts. A 
sublimate arising from mercury salts can be distinguished 
from As^O, or Sb^Oj by heating it with sodium carbo- 
nate. The following reaction takes place: 

HgCl,+ Na,CO, = 2NaCl + HgO+ CO,. 

If the temperature is not too high a red sublimate of 
mercuric oxide is formed. 

A ydlow sublimate is produced by arsenic trisulpkide and 
mercury compounds. A sublimate of mercuric iodide has 
the property of turning red' w^hen touched with a solid, the 
red color spreading out through the mass from the point of 
contact. Sulphur f which deposits in reddish brown drops, 
especially when quickJy sublimed, is formed by the decom- 
position of polysulphidcs or other sulphur compounds. 

A gray sublimnie, varying to black, results from mercury com- 
pounds (finely divided mercury) ; arsenic compounds {m 
the presence of reducing substances* a mirror of arsenic); 
iodides when oxidizing substances are present; iodine, de- 
tected by color and odor. 
[T) A change of color is sometimes due to the transformation of 
salts of heavy metals (nitrates) into oxides^ or in other 
cases is a purely physical phenomenon, 

le power of absorbing light possessed by colored substances, in case the 
t^tion takes place in that part of the spectnim with shorter wave lengths, 
k?red by a rise of temj.>cratiirc in the sense that a substance absorbs waves 
heater length at higher ttfnipera in res. Accordingly a yellow stibstance 

becomes red when heated (chromates), a white substance will become 

r ^zinc oxide). Compare Principles, pp. 605 and 621. 

Organic compounds frequently become brown or separate car- 
bon (D). 
D) Volatile decomposition products are ei*olved. 

Oxygen from peroxides^ mercuric oxide, nitrates, chlorates, 
etc. 

is is due to the fai^t that two modificatiDtss of ipcrcuric iodide may be 
e1. a ydlow and a red sort. BpIow t36" C. the former is unstable as com- 
With the latter (compare Principles, p, 664). The intermediate formation of 
^Iqw modtlication illustrates Ostwald's law of successive r^ctioiis. 
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Carb&n dioxide from carbonates and oxalates-^forms a cloud 
on a glass rod moistened with baryta solution. 

Carb&ft monoxide from oxalates and other or;ganic compound^ 

^burns with a blue Same. 
Acid vapors which redden moistened blue litmus paper nci^y 

be: 

Sulphur trioxide from the decomposition of sulphates o^ 
heavy metals. 

Stdpkur dioxide from sulphur compounds (sulphides) wh»- ^ 
air has access. 

Nitrogen peroxide from nitrates. 
Bromine from bromides in the presence of oxidizing age»^ ^ 

Bromine is distinguished from nitrogen peroxide by cold^ 

ing starch paper yellow. 
Violet vapors of iodine (compare B). 
Cyanogen (caution) from cyanides. It bums with a pea^=^ 

blossom red flame. 
Odor of garlic (caution) indicates arsenic compounds (S44)- 
Ammonia from ammonium salts (B) or cyanides. 
Empyreumatic vapors (C) from organic compounds* 

171. Charcoal tests are made with a mixture containing about 
one part by weight of the solid unknown and two parts by weight of 
anhydrous sodium carbonate. The mixture is heated in the reducing 
flame" according to i5 39. Oxides or easily decomposed carbonates 
give the reactions without sodium carbonate (compare | 39, foot- 
note). 

Compounds of nearly all metals are reduced by heating them in the 
reducing flame. Easily volatile metals, as lead, bismuth, arsenic, 
zinc or cadmium ^ volatilize. Metallic beads of the last three metals 
are obtained with difficulty. As a rule the beads formed on charcoal 
are small and hence readily escape detection. In order to facilitate 
their detection the entire fused mass is cut away from the hollow on 
the charcoal and is triturated in a mortar. The light particles of 
carbon, which do not wet easily, are floated off with water, leaving 
the metallic grains behind. 

The hot vapors of certain metals ignite in the air, forming oxides 
which deposit on the colder portions of the charcoal. The color of 

^PotaflAium cyanid« b sometimes used as nn active reducinir agent (compaiTe 
I 48). Caution! Hood I 
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these sublimates also gives certain indications of the nature of the 
metallic components. Arsenic condenses, in part without igniting. 
It is detected by the garlic odor which is characteristic of the par- 
ticular modification that results. 

The behavior of the metallic grains under the pressure of a pestle 
is also characteristic. Ductile grains diXt flattened without breaking 
iipy while brittle greLinsfly to pieces. 

(A) The most important characteristics of the reducible metallic 

components are thus the colors of the sublimate and the 

reduced metallic bead, and also the behavior of the bead 

under pressure. 
Metallic beads without sublimate may be: 

Gold, yellow, ductile; 

Silver, white, ductile; 

Tin, white, ductile, fusible; 

Copper, red masses; 

Platinum, cobalt, nickel and iron form gray masses. The 
three latter are magnetic. 
Metallic beads with a sublimate may be: 

Antimony, white, brittle, white sublimate; 

Bismuth, brittle, brown yellow sublimate; 

Lead, white, ductile, yellow sublimate. 
A sublimate without bead indicates compounds of the follow- 
ing metals: 

Arsenic, white (garlic odor) ; 

Cadmium, brown; 

Zinc, white, yellow when hot (§ 170, C). 

(B) Green^ or yellow fusions indicate manganates, chromates and 
sulphur compounds. 

It is seldom that sulphur compounds can be identified with cer- 
tainty from the color of the fused mass. To test for them a portion 
is cut away from the charcoal and broken up. It is then placed on 
a bright silver coin and is moistened with water. A black stain of 
silver sulphide^ forms when the original unknown contains sulphur 
compounds. 

^Green infusible masses indicate chromium salts. 

"This is called the *'hepar reaction" owing to the fact that a mixture of alkali 
sulphides (liver of sulphur, hepar sulfuris) also gives it. 
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Sodium sulphide is formed by fusing substances contaiiiing sulphur, j^or 

instance sulphates, with sodium carbonate in the rtducingftcmte. The foll4z» " H^ 

ing equations express the reactions for calcium sulphate: H 

CaSO^ + Na3CO, = Na,SO, + CaO + C03 < wl 

Na,SO^ + 4C -^ Na^S -e 4CO t ^ » 
Sulphides and hydrogen sulphide form a black stain of silver sulphide oa 
metaJlic silver, owing to the reaction : 

By taking into account the effect of atmospheric oxygen the reaction is fom^i^- 
lated as follows: 



1^^ 



2Ag' + S" + + H>0-Ag,S+20H' 



C^). 



Equation {5) indicates that silver ion takes part in the reaction. The SK-ajH^* 
faces of silver coins are partially oxidized. Silver oxjde is slightly soluble i^ 
water and hence forms silver ion with the water used to moisten the fus»o*'- 

The test for sulphur compounds is indefinite if iodides are also presexit, 
unless the silver coin is bright. A black stain forms under such conditions* 
but is not necessarily silver sulphide. Attempts to explain the reaction t>&- 
twecn iodide ion and silver have proven that the black stain is produced only 
when the surface of the silver has not been cleaned befone the experiment 
On polished silver surfaces an obscure white skin of iodide can be detected 
after the reaction with iodide ion. This is due to an oxidation of the silver 
surface in ctjntact with water* The silver ion thus formed then reacts wi:h 
iodide ion to form silver iodide. It is probable that the black stain produced 
by iodides on coins that are not freshly polished is due to a reduction of silver 
iodide by organic impurities (grease), which the coins gather during circulation. 

Errors may also be caused by using illuminating gas as a source of heat 
It frequently contains enough hydrogen sulphide to give a reaction with sil- 
ver . In cases of doubt it is therefore advisable to repeat the reduction, using 
a stearin candle or alcohol flame in place of illuminating gas. 

(C) Whik unfused masse:; indicate compounds of the alkali earth 
raetalst magnesium or aluminum. When heated in the oxidizing 
flame and moistened with cobalt nitrate solution, these compounds 
give rise to gray, flesh-colored or blue masses/ Arsenates, borates, 
phosphates and silicates, however, also form blue masses under sim- 
ilar conditions J but these are partially fusible. 

172. Reduction by the Hempel method' is effected with metallic 
sodium, magnesium or aluminum, The reduction takes place more 
readily and more rapidly by this method than with the blowpipe, but 
the formation of charactcrislic sublimates of oxide is lacking. 

*ri is not certam whether the colors are dme to definite compounds or to 5t>/iJ so- 
lutions of ojtides of the meiaU in question. Ostwald, Gnindrisift der aXlge- 
meinen Chemie* 4th editiot), p- 573, definei; solid ^lutions to he those homo- 
gteneous mix lures of solid substances, the components of which ane not in simple 
stOchiomttrtc proportions. 

'Zeitschrift filr anorganische Chemie. 16, 24, iS^S^ 
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^o carry out a reduction with metallic sodium a freshly cut cube 
of sodium of about 1-1.5 mm. edge is spread out on a piece of filter 
paper of approximately four square centimeters area by means of a 
Icni fe bfade, previously dipped in petroleum ^ or better with the handle 
of a horn spatula. The sodium has about the thickness of filter 
paper after it is thus spread out. On this thin layer of metal is 
placed some of the dry (see below) material to be tested. The 
iTietal and paper are then folded once across and rolled up to a cy (in- 
kier so that the sodium is covered with a double layer of paper. Any 
projecting edges of the paper are cut off and the cylinder is closely 
^Vound with thin iron wire, such as is used by florists. 

"The cylinder is next ignited on one side in the luminous flame of 

^ bunsen burner. The entire mass burns rapidly, and if a sn{jrt:imliy 

^hin layer of sodium has been used, none of it will be lost by spirt- 

^ng. When the combustion is ended the spiral is held in the inner 

flame to avoid oxidation, and is then gradually lowered into the tube 

^f the burner where it is cooled. The iron wire is next unwound 

and the remaining contents of the cylinder are brought into an agate 

ffiortar and moistened with water. The liquid will have a distinct 

alkaline reaction owing to the formation of sodium hydroxide. 

In case sulphur compounds are contained in the mixture so tested, 
hydrogen sulphide is evolved on adding hydrochloric acid to the 
liquid. This is identified by its odor or with lead acetate paper. 
The Hempel method is accordingly particularly adapted to the detec- 
tion of sulphur compounds. 

Compounds of rcdmihle melals yield metallic grains. These are 
picked out and are then identified by their chemical and physical 
behavior (for example, by dissolving them in nitric acid and 
noting the reactions of this solution: consult also the preceding 
paragraph). 

Borates and silicates reduce to boron and silicon respectively* 
These are not dissolved by acids. To test for them the residue in- 
soluble in acid is filtered, washed and heated on platinum foil in the 
air. Carbon from the filter paper burns to carbon dioxide, boron is 
partially transformed into the oxide, B3O3, while silicon forms sili- 
con dioxide* The oxide of boron is fusible. 

Magnesium or aluminum is used in place of sodium, especially in 
the case of compounds difficultly soluble in water. This is done in 
order to combine with the reaction tests for those metallic com- 
*4 
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ponentSj the salts of which are volatile and emit light of characteris ^ mc 
colors (K, Na, Li). Powdered magnesium or aluminum is mixr ^^<i 
with the unknown on filter paper. The mixture is then rolled ^a-i j> 
and treated as above described. To extract the product of the re^^-* 
tion dilute hydrochloric acid is used, A drop of the solution is tak. ^irS 
up on a platinum loop and evaporated by approaching it cautiou-s-Iy 
to the bunsen flame. The residue is then heated to redness (coaon- 
pare J lo6). Hence these experiments with magnesium or al^u- 
minum are very important, particularly to determine whetiier a sili- 
cate contains alkali metals or not (consult § 192). For a turtle er 
application of the method see § 194. 

It must be specially emphasized that the unknown is to be dr^m^d \ 
before carrying out the reduction with sodium. This is best effect: «^<J 
by heating it on platinum foil. Salts which contain water of crys- 
lallization occasionally react sa violently with sodium that ignition 
takes place on rolling the cylinder. 

It is advisable to keep the metallic sodium used for this method in 
a glass tube closed air tight, rather than under petroleum- 

173, Phosphor salt and borax bead tests. It has been descrifc><^<J 
in § 65 how these tests are to be carried out. Hence a compilati^^*^ 
of the behavior of difTercnt metallic components already menttorE 
will suffice here. 



I 



Color. 



Phosphok Salt B^ds. 



BouLx Beads. 
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OiddUmg Flame. Reducing Flame- Oxidizmg Flame. Reducing 



Colorless. Most cobrlcss SIO,, Cu,^ Mn, 



Gray. 

Red. 
Yellow, 
(jreen. 

Blue. 
Violet. 



salts. SiOt^ 
skeleton. 



Fe,'NL 

Fe, Ag.= NU 

Cr, Cu,> 

Co, Cu.» 

Mn. 



Ag, Pb, Bi. Sb, 

Cd, Zn, Ni. 

Fe, Cu.» 

Fe- 



Co. 



SlO» 



Fe, NL 

Fe. Ag, NL 

Cr, Cu. 

Co. Cu. 

Nt containing 

Mn and Co. 



SiOt, Mn^ C^^ 



Ag, Pb, Bi, 
Cd, Zn, N£ * 
Cu. 




'Silicon dioxide is very Uttle' soluble in alkali metaphpsphate* rather n^ 
soluble in iilkali met abo rate. Undissolved aiUcic acid obsctires the transpare '*'*' 
of the liead [siilica skeleton). 

*Tbe colors of the iron and silver beads become paler on cooHng. 

'The copper bead is green when hot* blue when cold. However these phenota^' 
vary considerably with the concentration of the salt. 

*This takes place on redncing cuprtc to cuprous salts. 

*A leaf of tin foil aids in the reduction of copper. It JS attached to the hot 
without coming in contact with the platinum. Tin forms an alloy w*' 
platinum that is fusible in the btmsen flame. 






1 74* Flame reactions* Consult f io6 for carrying out these tests* 

Yellvw light is emitted by volatile sodium compounds; 

Reddish yell&w . .cakium compounds; 

Red , ..strontium and lithium compounds; 

Blu€ vwkt potassium compounds; 

Green .barium compounds and boric acid; 

Pale bim Jead, arsenic and aniimmiy compounds. 

Small pocket spectroscopes are very serviceable for the exact in- 
ection of flame colors. The lines characteristic of single com* 
ments are given in the spectral table at the beginning of the book. 

175- Preliminary tests for acids. These tests aim particularly 
point out the nature of the non-metal lie components that are pres- 
t. They comprise a study of the behavior of the unknown (dr>^ 
btture or salution) towards dUule and concentrated sulphuric acid 
■d towards a mixture of alcohol and sulphuric acid. 
In connection with the results of preliminary tests it is to be noted 
at difficultly soluble solid salts weaken the phenomena described in 
e following paragraphs lo a considerable extent. Hence it does 
»t necessarily follow that a given component is absefU if some par- 
ular reaction cannot be obtained- For this reason speciul tests for 
ions described in the second part of the book are requisite for a 
finitive distinction. 

X76. Behavior towards dilute sulphuric acid, A few cc. dilute 
tphuric acid are poured over the unknown. There results: 

erolution of a cobr- 
as gRi (effer\T»- 
£nte)» which forms a 
loud willi barytji so- 



Odorless ( } 137) : 

Odor of bitter almofidis 

Penetrating odor; the 
behavior towurds iodic 
actd stiirch paper is 
characteriMiC [{ lai). 

From rtU rites. 

From sulphide** 

From acetates. 

From hj-pochbnics (| 

From peroildcs of the 
alkalies and alkali 
earths. 

E'requentty cyanides or sulphites are mistaken for carbonates, owing to the 
it that they also evolve gases which render baryta solytion turbid, when 
ey are treated with dilute sulphuric acid. Cyanides and sulphiteSi how- 
tr, are readily detected by the above»mentioned properties* In case they 
present a special test must be made for carbon dioxide. 



»wn vftpors: 

drijigeo sulphide; 
btic actd I 
|30chlorous add , 



CO I (from carbonates) ; 
HCN (from cya- 
nides) ; 

SO, (frtitn sulphites or 
from thiosulphates with 
simultaneous sepam- 
tion of sulphur) ; 

Mixtures of NO, NO,, 
N,0,; 

Turns lead paper brown ; 

IVtectwl by its odor ; 

Tum<i potassium iodide 
starch paper blue : 

Supports combustion t 
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To distinguish carbonates from sulphites use is made of the dificfVDCie 
the strengths of the corresponding adds. A medium strong add, as 
acidt decomposes carbonates with eflfervescence, but it eilects tlie 
tion of sulphites much more slowly. However, it acts ofiJy skywlj oo 
cultly soluble carbonates. These are convcfiiently decomposol by 
them with a freshly prepared solutloti of alkali hydroxide, h^t from 
nate^' It must be tested for CO^ previous to use. (What is the i^acdoQ^ 
involved?) 

In case a residue is left the solution ts filtered and the filtrate acidised mlh 
acetic acid. A distinct evolution of gas^ accompanied by effervesetioe, takes 
place if the unknown contains a carbonate. 

Carbonates and cyanides are more frequently mistaken for one anothei^. 
Most cyanides have the property of forming mercuric cyanide and the oarre* 
sponding hydroxide when they are heated with mercuiic oxide and water 
(compare | iSjJ. This serves to distinguish them from carbonates. Tht 
reaction between the complex nickel cyanide and mercuric oxide and wmto-k 
expressed by the equation : 

KjNi(CN>,^ jHgQ + 3H,Q-^ Ni(OH), -haKOH + 2Hg(CN>r 

By this operation the anion of soluble carbonates goes into solution. In- 
soluble carbonates are more or less completely decomposed, fortning insoluble 
hydroxides of the metals in question. Addition of some alkali hydroxide 
(free from carbonic acid: consult the last footnote) ensures a niore complete 
decomposition of these latter without any loss of carbon dioxide: i. e. the 
transformation of the carbonate into hydroxide wtik simuUanfous formoiwn 
of carbonate ion (equations ?)« This scarcely affects the above-mentioned 
transformation of the cyanide into mercuric cyanide, which is but little de- 
composed by acids. 

The criierhn for the presence of a carbonale when the unkncfum al^> con- 
iaitts a cyanide, consists in a distincHy visible etfohttion of gas upon acidifi- 
cation of the solution with acetic acid. The solution in question is obtained 
by heating some of the unknown with mercuric oxide and water to which a 
little alkali hydroxide is added, until the transformation of mercuric oxide 
ceases to be visible- The residue is filtered. 

It must be borne in mind that absorption of carbon dioxide from the air 
can give rise to errors. Hence air must not have free access. This is 
effected by placing a watch glass over the flask in which the heating is carried 
out. For the same reason the contents of the flask are filtered without delay 
as ^oon as they are somewhat cooled. 

Only those cyanides which do not react with mercuric oxide* as above men- 
tioned, are excluded from this method of testing. Since these cyanides also 
react very slowly with dilute sulphuric acid, they are never mistaken for car* 
bonates and hence it is not necessary to use this method of detecting carbo- 
nates in such cases. 

it is not possible to make these tests extremely delicate without compli- 
cating the manipulation. They are, however, delicate enough to exclude 
gross errors. 

•For the above purpose pure potassium hydroxide is dissolved in waier^ The 
solutiiDn is tested tor carbonate ion by acidifying a portion of it with acetic add 
If the solytion ccmlains CO/* a more or less sriking evolution of gas takes 
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X77. Behavior towards concentrated sulphuric acid. In ac- 
cordance with its stronger action concentrated sulphuric acid gives 
more pronounced reactions than those just recorded for dilute sul- 
phuric acid in the preceding paragraph. 

To illustrate the distinctive action of concentrated sulphuric acid 
as compared with the dilute acid, a few drops of the latter are added 
to a small portion of the unknown drop by drop until a reaction is 
no longer perceptible. Then a few cc. concentrated sulphuric acid 
are added. As a rule a considerable evolution of heat takes place 
and therefore it is not necessary to heat the mixture. There takes 
place: 

An evolution of colorless vapors with a penetrating odor: 
Hydrochloric acid gas from chlorides: This yields a white pre- 
cipitate of silver chloride on a glass rod moistened with silver 
nitrate solution, when the latter is brought in contact with the 
escaping vapors. The precipit^e does not disappear on dip- 
ping the rod in dilute nitric acid; 
Hydrofluoric acid gas from fluorides andjluosilicates: It forms a 
white precipitate of silicic acid (§ 117) on a glass rod mois- 
tened with water and brought in contact with the escaping 
vapors; 
Sulphur dioxide from sulphites or thiosulphates: It turns iodic 

acid starch paper blue^ (consult also § 121, footnote); 
Acetic acid from acetates; 

Hydrogen sulphide from sulphides [it blackens lead acetate 
paper]; 

* Quite frequently the formation of coloress vapors with a penetrating odor, on 
Heating the unknown with concentrated sulphuric acid, is wrongly considered a test 
^or chlorides. Also the reaction with iodic acid starch paper, characteristic of 
^xilphur dioxide, is often wrongly considered a test for sulphites. In these cases the 
^Penetrating odor is due to sulphur trioxide, formed on heating concentrated 
^iilphuric acid. Some component contained in the unknown may reduce it to 
Sulphur dioxide. [Furthermore HBr and HI also reduce concentrated sulphuric 
^cid to sulphur dioxide, but in these cases the gas mixture is colored by free 
V>romine and iodine respectively.] 

The unequivocal reaction for chlorides is the white precipitate formed on a glass 
rod moistened with silver nitrate solution, which is held in the escaping vapors. 
Bromides and iodides yield bromine and iodine vapors [together with sulphur 
dioxide With iodides there may also be formed sulphur and hydrogen sul-" 
"Dhide.] Sulphites give sulphur dioxide, even with dilute sulphuric acid [and 
thiosiilphates yield sulphur in addition]. 
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YeUmv green chlorine from chi&rides when oxidizing agents ^re 
also present: It turns potassium iodide starch paper blmje; 

Yellow cklofine dioxide, CIOj, from chtoratts: It explodes w!^«n 
heated (caution!); 

Yellow [brmm] vapors of bromine^ together with hydrobr&f^mk 
acid, from bromides: They color starch paper yellow, [S ^- 
phur dioxide is also formed from a reduction of H^SO^ bjj 
HBrJ; \ 

Violet vapors ofiadifte, together with hydr iodic add, from iodid^^es: 
[Sulphur dioxide, sulphur or hydrogen sulphide may also be 
formed from reduction of H^SO^ by HI according to the ^^ ol- , 
lowing equations: 

H,SO,+ 2HI - 2H,0 + SO3+ 1,, 

H,SO, + 6HI-4H,0+S+3l„ 

H,SO, + SHI^4H,0 + H,S + 4lrI 
Brown vapors: Nfi^ or NO, from niiraUs; 

CrOjCI/^ 141) from chlorides when chroma ^es 
are also present; 

Oxygen from ckromateSf permanganates (caution!) and perox- 
ides; 

Carhmi dioxide from oxalates; 

Carbofi monoxide from oxalates, tartrates and cyanides. It burns 
with a blue flame when ignited. 

To determine whether acetates ^re present or not (compare { 
158) t a test is made with a mixture of alcohol and concentrated std- 
pkuric acid, in equal parts. 

Borates are tested in anotlier p&rtic^n of the unknoum according to 
S I35* For this a larger volume of alcohol, 10 cc, and only a few 
drops of concentrated sulphuric acid are used (compare the test for 
acetates). 

178. Behavior of the unknown towards solvents. The fol* 
lowing experiments are designed to give certain indications of the 
method that should be followed in bringing the unknown into 
solution, in order to carry out the analysis for cations and anions. 

A small portion is first heated with water with frequent stirring. 
If all goes into solution the succeeding tests are unnecessary. When 
only a part dissolves care must be taken that enough water is used. 
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^e residoe is then filtered and a few drops of the filtrate are evap- 
*^ted on a platinum foU, To avoid loss by spirting the foil is not 
heated over a free flame but is placed on an asbestos gauze, and the 
leight of the flame is suitably regulated. 

In case the unknown contains material quantities of substances 
hat are soluble in water, a distinctly visible residue is left on the 
:oil. 

To make sure that the residue left undissolved does not result 
rom the use of too small an amount of water, the solution is de* 
anted and the residue is repeatedly tr^ted with water until it no 
onger visibly decreases in quantity. 

It is then treated in the same way with dilute nitric or hydro- 
iiloric acid* If necessary a few drftpsoflhe respective concentrated 
icids may be added to the dilute reagent. 

The methods to be used with unknowns which are not soluble in 
vater or dilute acids will be taken up in the following paragraphs* 

W To Bring Solids into Solution. 

179, General. The problem of dissolving solids is simple when 
the results of the preliminary tests just described show that the 
unknown is completely soluble in water or dilute acids. Water is 
used as solvent alone only when the unknown is soluble in a volume 
that is readily handled ^ i. e, when i g,, the quantity of a solid usually 
taken for an analysis, dissolves in 50-100 cc. water. 

If the preliminary tests have shown that the unknown is partly 
soluble in water, partly in an acid, it is always advisable to first 
x tract about I g,* with water, and then dissolve the residue in the 
cid. The two solutions are analyzed separately. The extra time 
nd labor involved in this procedure are compensated by the more 
omplete information obtained concerning the nature of the un- 
nown, as will be seen in the following examples* 

The analysis of a solution prepared by dissolving cupric chloride. 
langanous carbonate and sodium carbonate in a dilute acid shows 
mly that the solution contains the cations Cu'\ Mn" and Na\ and 
he anions CT and CO/'. It does not give any information concern- 
ng the combinations of the respective cations and anions. On the 
>ther hand, by using first water and then acid to bring the mixture 
nto solution, the analysis will yield more information* 
^ qtiantiiy will he iound sufflcknt in mo^t 1 
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On heating this mbtture with water, CuClj+Na^CO, reac*: to 
form CuC0j+2NaCJ. In the majority of case^, however, the 'two 
salts will not be present in exactly stochiometrically equivaJ <ni 
amounts. Accordingly, when it is found that the aqueous solut: ion 
contains ctipric i&n and d4)e5 n&l read alkaline^ the conclusion raraay 
be drawn that the mixture contains a soluble cupric salt, CuCl.^ . 

When the aqueous solution has a bluf cohr, however, it does -»w^ 
necessarily faU(rw that it contains a cupric salt which is solubl^r- in 
water, for cupric carbonate is quite abundantly soluble in sodL '^m 
carbonate solution. This solution is unstable and it decolorf-^es _ 
when boiled, separating black cupric oxide, CuO, | 

The conclusion that the mixture contains no soluble mangan-^us 
salt, i. e. no MnCI^, follows when manganous ion is not founc9 m 
the aqueous solution. Since it contains Cu" and does not react al la^ 
line, there is not enough CO/' present to hold all the Cu" and if^n" 
in combination. 

Conversely when the aqueous solution contains no Cu" or Mn 
and reacts alkaline, it follows that the mixture contains more than- 
enough carbonate to react with all the copper and manganous salts .^ 
h e. it has an excess of sodium carbonate. Then qtmlUative expert-- 
mcnts alone will not serve to distinguish whether the mixture is 
composed of CuCO^, MnCO,, NaCI, NajCOj, or CuC!^, MnCOj, 
Na^CO,, or CuCO,, MnCl^, Na^CO,. or CuCl,, MnCI,, NajCO,, 
without the aid of physical methods of separating the salts, or by a 
special investigation, 

Oniy the aqueous solution need be tested for the ions of the alkali 
metals. This lessens the labor involved in analyzing the acid solu- 
tion. Most alkali salts are readily soluble in water Hence it may 
be assumed that practically all of the alkali salts are contained in the 
aqueous solution. 

In the acid solution tests for the alkali ions may be omitted, even 
when the unknown is practically insoluble in water. Exceptions are 
met with when tartrate and pyroantimonate ions are simultaneously 
present. Their respective potassium and sodium salts arc difficultly 
soluble. Furthermore silicates and certain cyanides constitute spe- 
cial cases which will be considered later {§§ 189 and 184). 

The following example also illustrates clearly the advantage of 
analyzing the different solutions. Assume that the given mixture 
contains HgO, PbO^ and MnOj- Analysis of the hydrochloric acid 
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solution would mdicate the ions Hg*\ Pb " and Mn"\ Moreover^ 
since chlorine gas is evolved it would follow that an oxidizing agent 
for chloride ion is present, i, e, lead or manganese dioxide (or 

froxide)* 
By treating the given mixture with dilute nitric acid before dis- 
solving in hydrochloric acid,* it may be easily determined whether 
the unknown contains lead* or manganese peroxide^ or a mijcture of 
both, and also which oxides are present. 

Peroxides dissolve only sparingly or slowly when they are heated 
with dilute nitric acid. Oxides on the other hand dissolve more 
readily. The above questions can be answered, at least with con- 
siderable approximation, from the results of the analysis of the solu- 
tion prepared with dilute nitric acidj and also from the analysis of 
the residue left alter the above treatment. This is washed and 
dissolved in concentrated hydrochloric acid. 

Since qualitative tests are less definite than quantitative, the ques- 
tion is answered only approximately by the above means. This is 
a consequence of the less exact definition of the nature of the object 
under analysis, concentration of acid, method of treatment, in short 
of the general experimental conditions. 

All of the conditions in favor of the one procedure or the other 
cannot be considered here. It must be left to the chemical tact of 
each individual to judge when the more tedious procedure of carry- 
ing out two or more analyses will yield more complete information 
concerning the unknown than the shorter method of using only one 
solvent. 

l8o. Continuation. The most important of the compounds 
which are scarcely soluble in water, but dissolve in dilute acids, 
comprise oxides (except tin dioxide and the oxides of iron» aluminum 
and chromium), peroxides (these are only sparingly soluble in nitric 
acid), oxalates^ phosphates^ tartrates^ cyanides (consult also § 183) 
and sulphides. 

I *A pfefencnce for the use of a mixture nf eoncentrated Kydrocliloric and jiitric 
dils (siqua regiii) to diasolve substances which are msoluble m water is quite 
aeral- It is thought th^i^t the analysis is more quickly elT^ct^ by this means. 
many cases, howev^r^ the conjee ttired rapidity is doubtful, sinc<^ the excess of 
^d used interferes with the even course of the afialyais. Furthermore the 
ethfxl often gives rise to undesigned complications which must be overcome, 
iraaiuTially at the cost of still more time. Reference will be maide later to 
cases in which agua rtgta muy be ustd to advantagf* 
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Chlorides that are difficultly soluble in water, as sih^er chlaruif, 
mercurous chloride, lead chloride, the corresponding bromides and 
iodides, also mercuric iodide, sulplmtes of lead^ barium^ strontium 
and calcium (J 182), the above-mentioned oxides of iron, chromium 
and aluminum and certain sulphides, cyanides and silicates^ are 
scarcely soluble in £^j/«/f acids. 

The following paragraphs treat of the chemical processes in ten- 
tionally introduced to bring these compounds into solution — -the 
methods of solution. The treatment of alloys will be considered In 
a special paragraph* These are sometimes not attacked at all by 
dilute acids, or at least only incompletely. 

The general method of preparing the solution used in testing for 
anions (§ no) will now be considered. 

181. To prepare the solution for the tests for anions* The 
procedure is very simple in case the unknown is soluble in water and 
the tests for cations have shown that those of the light m^tuls alone 
are present, e. g, K\ Na\ Ba'\ Sr ', Ca'\ Mg \ If the solution re- 
acts alkaline in this case, two portions of it are neutralized, mte with 
nilric acidy the other with acetic or sulphuric acid. The first of 
these is tested for all anions except NO^' according to § 1 10* With 
the other solution a special test is made for NO/ according to 5 155* 
When ike solution has an acid reaction il is first neutralized with 
alkali hydroxide. 

In case the unknown is soluble in water and the aqueous solution 
contains other cations besides those just mentioned above, or when 
it dissolves only in dilute acids, a solution must be prepared w^hich 
does not contain the cations in question. This is effected by heal- 
ing some of the given mixture with a solution of sodium carhmtate 
for a few minutes. The cations which are to be removed from the 
solution form diflScuUly soluble (and basic) carbonates or hydroxides 
with carbonate ion or with the hydroxy 1 ion present in a solution 
of sodium carbonate. In the filtrate from this precipitation are con- 
tained the excess of carbonate and sodium ions and the anions in 
questimt (formulae?). For the above reasons two portions of the 
solution are separately neutralized (compare J no). 

It is advisable to add a slight excess of acid to the portion neutralized with 
nitric add* The solution is then heated to expel dissolved carbon dioxide. 
If this precaution is not taken mistakes niay arise, owing to the reactions of 
carbonate ion (j il7). Afterwards the excess of acid is netitrali^ed with 
ammonja. 
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Treatment of the unknown with sodium carbonate will not always effect 
the j^moval o£ all cations from the solution to the desired extent* Thus, 
for escample, the ions of arsenic, tin or antimony are not precipitated if tar- 
trate ion is present. Furthermore nickel carbonate does not precipitate when 
the solution contains complex nickel cyanide, KjNi(CN),* All of these cases 
may be foreseen, however, from the combination of the results of the pre* 
liminary tests with those from the tests for cations. The particular com- 
ponents in question must be removed by means of a suitable reagent. Most 
frequently hydrogen sulphide is added to the acidified solution, or ammonium 
sulphide is used. Then hydrogen sulphide is expelled by heating the filtrate, 
and ammonium sulphide is removed according to § Ss. Sulphate and sulphite 
ions will be found in the filtrate in consequence of a partial oxidation of 
hydro^n- or ammonium sulphide. Hence these ions must be tested for 
beforehand. The reaction with barium ion is so delicate a test for sulphate 
ion, however, that it is not appreciably affected by any cations contained in 
the solution. Therefore the test for SO^" may be carried out before remov- 
ing the disturbing cations. Sulphites arc indicated by the preliminary tests. 

A large excess of sodium carbonate should not be used, because 

copper and zinc carbonates dissolve in sodium carbonate solution. 

By boiling the solution for a long time, or by neutralizing the excess 

of carbonate, these carbonates reprecipitate and can then be filtered 

ut. 

The methods of dissolving compounds which are practically in- 
soluble in acids, in order to obtain solutions to be tested for anions, 
are considered in the following paragraphs. It should be pointed 
out here that the solutions containing anions are to be neutralized 
Hefore the tests are carried out> 

In case a given mixture dissolves partly in water, partly in dilute 
1^ ^cids, or if it must be brought into solution by special means, the 
^h^marks relating to the tests for cations in § 179 are to be followed. 









182* To bring difficultly soluble halides into solution. Chlo- 
ides are transformed into corresponding hydroxities or oxides by 
heating them with alkali hydroxide. The residue is filtered. The 
sts for unions are carried out with ihtfiltraie after neutralization. 
The residue is washed, dissolved in dilute nitric acid and tests for 
eatimts are made w ith this solution. 

The same method will also ser\'e for bromides and iodides,^ Dif- 
culties are sometimes experienced, however- These are partly due 

*[.\fu:ither method i& to treat the aolid baltdea with £inc and a very little acid, 
iThiis iomvt zinc haJtidc^ after some time (an hour or two). Reducible compounds 
wtfi the h^ilogrns. fur in^taxiire silver iodute, also yield haUdea under these condi* 




220 



PEINCIPLES OF QUALITATIVE ANALYSIS- 



to the fact that the hydroxide of lead is soluble m an excess of alkali 
hydroxide^ (J 14). Mercuric iodide on the other hand forms com- 
plex anions {§ 33) with iodide ion which results from the reaction: 

HgI,+ 20H' = Hg04-H.O + 2r, 

and accordingly goes into solution. 

This circurD-stance acts as a disturbing factor in a double sense. Mercury 
must be precipitated by means of hydrogen sulphide from the soiutian to b€ 
tested for anio7t$. Furthermore the nitric acid solution of the residue left 
after treatment with alkali hydroxide doe-s not contain all the cations which 
were orginally present as insoluble halides. 

Another disadvantage arising from the use of this method consists in the 
fact that very difficultly soluble compounds, as silver iodide, are transformed 
very slowly, and sometimes only partially, into oxtde. unless the alkali hy- 
droxide is frequently renewed. The residue filtered after treatment with 
alkali hydroxide will then be only partly soluble in dilute nitric acid. 

For the above reasons it is better to use another method, which, 
with few exceptions, leads more quickly to the desired end. It is 
based upon the formation of complex anions between thiosulphate 
ion and the cations in question (Hg*, Hg", Ag\ Pb**j 5 123). The 
majority of these insoluble halides will dissolve quite abundantly in 
a solution of sodium thiosulphate. 

The given mixture is treated with a solution of sodium thiosul- 
phate containing one formula weight of Na2S,Oj.5H;0 to a liter of 
water. In case solution takes place only slow^ly, the mixture is 
gently warmed with the thiosulphate. 

Silver halides dissolve most readily. Their complex compounds are also 
quite stable, even when heated. Of the lead halides the bromide in particular 
is little soluble. 

The complex lead thiosulphate ion decomposes more quickly when heated 
than the complex j^itver thiosulphate ion. Mercaric thiosulphate is most un- 
stablCp Addition of thiosulphate solution to mercuric chloride or iodide gives 
rise to a blackening of the surface of the salt, which apparently is due to the 
formation of a compound containing sulphur. The filtrate, however, also con- 
tains mercuric thiosulphate ion, for hydrogen sulphide precipitates mcrctiric 
sulphide from the solution. In the present case therefore this method is 
jjreferable to that mentioned above ^vith hydroxide. 

From the thiosulphate solution, which is separated by filtratioiv 
from any residue not soluble in thiosulphate, hydrogen sulphide pre- 

^Thiii also relates to the dissolving of lead chloride. In this ease. However, 
the apecial method of bringing about the solution with alkali hydro^tide may t>e 
avoided in con^equctice of the fact that lead chloride is much more soluble 
than the bromide or iudide, particularly in hot w«ter. 
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^^■i jiitates sulphides of the metals in question. The precipitate is 
filtered and hydrogen sulphide is expelled from the filtrate by boil- 
irtg. It is then heated with a little dilute nitric acid to destroy thio- 
sia Iphate ion. Finally tests are made for the ions of the halogens, 

A large excess of nitric acid should be avoided because a solution which 
oc^Titaifis simultaneotisly chloride ion, nitrate ion and hydrogen ion, evolves 
ol^lorine when heated. Under similar conditions bromine and ioditie are also 
Sfet free, in case the solution contains Br' or I' in place of CI', In this way 
t-He ions which are to be identified are removed when an excess of acid is 
F* resent. 

The precipitate obtained with hydrogen sulphide is treated with 
dilute nitric acid according to § 2 1 « This decomposes sulphides of 
lead and silver. The solution so obtained is then precipitated with 
dilute hydrochloric acid for the bases of group I. 

A residue left after treatment with nitric acid is tested for mer- 
cury by heating it with a mixture of hydrochloric and nitric acids. 
From the solution the excess of acid is driven oflf by evaporation on 
a, water-bath. Then the solution is tested with stannous chloride 
for mercuric ion {^21^ (5) and (6) ). 

Mercuraus compounds^ which are indicated by the black color of 
the residue insoluble in thiosulphate solution, are brought into solu- 
tion by heating the residue with a mixture of concentrated hydro- 
chloric and nitric acids (3:1)- This solution is then tested for 
Hg" by the method just given, 

183, To bring lead-, barium-, calcium- and strontitim sul- 
phate into solution these compounds are transformed into cor- 
responding carbonates. The latter differ from the sulphates in that 
they are soluble in acids. 

Wlien boiled with a solution of alkali carbonate the sulphates are 
transposed according to the equation: 
^ft MSO^ + CO/'i^^SO/' + MCOj. {M = Ba, Ca, Sr, Pb). 

I ^ 



Calcium sulphate in quite readily transformed in this way by using a suffi- 
ciently concentrated solution of alkali carbonate. Lead and strontium sul- 
phate are transposed with muck greater difficulty, while barium sulphate goes 
over into the carbonate only under special conditions. 

The reasoia for this behavior is due to the reversibility *— of the reaction. 
This may be shown readily by heating sohd barium carbonate for some time 
With sodium sulphate solution. When acidified the filtrate evolves carbon 
dioxide. After the residue left on the tilter has been washed it is observed 
to be not completely soluble in hydrochloric or nitric acid. From this it is 
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evident that some banum sulphate has been formed, i. e. that the reaction 

has proceeded in the sense *— opposed to the dissolving of barium sulphate. 
This reaction is more pronounced as the solubility of the resulting carbonate 
becomes greater and the solubihty of the sulphate in question becomes smaUer. 
Reverse conditions hold for the reaction — *. 

The discoverers of the law of mass action, Guldberg and Waage, * have 
made an exact study of this case. They have found that the above reaction, 
particularly between barium sulphate and potassium carbonate, proc^eeds 
until the concentrations of carbonate and sulphate ions in the solution have 
the ratio 4:1. 

Hence to transform a given amount of barium sulphate into the carbonate, 
at least enough alkali carbonate must be used to give the ratio 4 : r between 
the concentrations of CO," and SO^" after the reaction, i. e, after a definite 
quantity of sulphate ion has been formed and a corresponding amount of 
carbonate ion has vanished. An estimation of Kuster^ gives the amount of 
alkali carbonate needed to transform a given quantity of strontiwm sulphate. 
In a solution in equilibrium with solid strontium sulphate and carbonate 
the ratio between the concent rat tons of the ions CO/' and SOj" is t : 60. 

On account of the practical difficulties which arise in connection 
with the dissolving of barium stdphale under these conditions (which 
are not insurmountable, however) ^ the following method is usually 
adopted. 

The sulphate or unknown is mixed with from four to five limes 
its weight of a mixture of potassium- and sodium carbonate.' At 
first this is gently heated in a platinum crucible^ — as long as w^ater 
is given off. Then it is strongly heated 15-20 minutes until the 
mass melts. The fusion can be readily removed by placing the hot 
crucible in cold water, or by gently heating it with some water for 
a short time. It is then triturated in a jnortar and is heated a ftw 



'GuMberrg and Waage, Etudes sur Ics affmit^s chimjques (Christiana. 1867 Ji^ 
Jtmm= (. prakt. Chemie, {2), iQi 69, iS75>» The deduclioti of the luw will jilso 
be fcmnd in Ostwald. Lehrbuch der allgemeinen Cbemie, ad edit ion ^ volume //* 
(3). p. ;}Q5; Xemst, Thevretiache Chemie. jd edition* pp* 4^^* 595; Van*t HofT, 
Vorle^ungen, V^xX l^ p, gg. 

*Verhandlungen der Versammlimg deutscher NaturfOrscber und Acrite, 1899, 
//. 19%. 

*This mixtiire is used because it melts more readily than cither of the earbonMeft 
alone, t e^ at a lower temperature^ The phenomenon that one subetajiee 
lowers the melting point of another is very general. It \% regulated by deinite 
!awi, which* however, cannot be taken up here. Consult Ostwald, Grufidriss 
der ahgemeinen Chemie, 4th eiiition, p. 369. This is analogous with the phenomenon 
that salt solutions freexe below 0° C* the freezing point of pure water. 

*\Vhen lead isulphate is present, and in all other cases where compounds whjch 
reduce readily to a metal are heated, platinum vessels cannot be used. Tbey would 
soon become unserviceable owing to the foonation of tasiiy fusibU alhys be- 
tween plaiintun and the metal in question. 
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minutes with water. The alkali sulphate formed and the excess of 
alkali carbonate go into solution, and are separated from the diffi- 
cultly soluble carbonate by filtration. A sodium carbonate solution 
is used to wash the residue on the filter. This prevents transforma- 
tion of the carbonate into sulphate' through a reaction with alkali 
sulpha te» which is contained in the solution wetting the precipitate. 
When the sodium carbonate solution which runs through the filter 
is acidified with hydrochloric acid and yields no precipitate of barium 
sulphate upon addition of barium ion, the washing may be consid- 
ered satisfactory^ This indicates that alkali sulphate, which is re- 
tained by the carbonate, has been practically completely removed. 
A sotuimn of ike carbonate in hydrochloric or nitric acid is used in 
the test for cations. 

It should also be inentieined that an attempt to dissolve the fusion in dilute 

ftcid before extracting it with water is wrong. A simple reflection will show 

lat this would lead to the original conditions. For the cation reiiulting 

3m the decomposition of the carbonate (formed by the fusion) with acids 

Will yield the corresponding su tphate with sulphate ion* 

184, To bring cyanides into solution. Tlie solubility in water 
' ««J the siainiiiy towards dilute acids furnish the distinctive charac- 
teristics of the method for treating cyanogen compounds. Consult 
§ 178 concerning the determination of the solubility in water. The 
stability towards dilute acids varies in the following manner Less 
I stable soluble cyanides gi%*e rise to a precipitate within a short time 
^^ifter acidification. Stable cyanides* for instance those of the charac- 
^Kcr of potassium ferro- and ferricyanide, react with dilute acids in 
^^Khis sense (see below) incomparably more slowly. 
^H (a) Of the cyanides readily soluble in water, those which are only 

' The same reason also holdfi for the use of a 4-$ fold eTtcess of alkali carbonate 
in making the fusion. W, Meyerhoffcr, Zeits<;hrift fUr physikulische Chemie, 
38^ 314, 1901* ha?i shown that lo traasfonn a definile amount of barium sul- 
phate into barium carbonate a quiintity of alkali carbonate tqmvakni to tb« 
l^ariuin sulphate taken probably su^Ees; thus, for ejtamplep 0,53 g« KNaCOj 
for I g. BaSO|. The excess of alkali carbonate is designed to prevent the (partial) 
trans formation of barium farbfjnate into the corresponding (barium) sulphate on 
r extracting the fusion with water. Otherwise the transformation would take place 
[according lo the equation: 

♦ B aCO J + K N aSO ^ - BaSO ^ + K NaCO ^ . 

f It has alre^&dy been frequently stated that reactions which can proceed in two direc- 
[ tioni are bmited tn the one sense — • by the presence of a large amount of one 
of the resulting produLts, in this case KNaCO,, 
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slighily stable towards dilute acids and which therefore form a pi^^ 
cipitate* within a short time after acidification, are brought ifltc' 
solution by means of dilute hydrochloric or nitric acid* These cy-- 
an ides belong to the following types: 

KM,(CN),.KM,,{CN), or K3M,,(CN),, 

The solutions of these salts contain chiefly the anions: 

M,(CN);,M„(CN); and M„(CN)/',^ 

Only very small amounts of the ions M/, !!„" and CN' are formed 
through secondary dissociation of the complex ions (compare §| 13 
and 8i), Accordingly the solutions exhibit none of the properties 
that are characteristic of simple ions, or at any rate they show them 
to only a very limited extent. 

The fact that the cyanides M^iCN) or Mj^(CN)j precipitate on 
acidifying the solutions, indicates that the solutions also contain the 
ions or substances from w-hich the complex ions are formed. In 
other words the formation of a complex metallic cyanogen ion — * is 
limited by the reaction proceeding in the opposite direction: 



M,(CN) + CN'^M^(CN)'3. 



4 



For the addition of hydrogen ion leads to the formation of hydro- 
cyanic acid (g 146) in consequence of the reaction H'+CN'^ 
HCN, This, however, produces a decrease in the concentration of 
the cyanide ion, with which Mj(CN) and Mj(CN)/ were in equi- 
librium. Therefore it gives rise to the conditions for the further 
progress of the reaction, that is for further decomposition of the 
complex cyanide. 

The separated cyanide goes into solution again on increasing the 
amount of acid added, or after the acid has reacted for some time* 
This takes place as soon as hydrocyanic acid begins to escape. The 
latter is formed from the reaction: 

M,(CN) + H^ = M; + HCN. 

' This IS quite fi^uently reKarded as a first group precipitate m testing for cat- 
ion*. It may be tlisiingiiished from the latter, however, by its property at 
vanishing when heated with dilute acids, A fi^rther differefiice consists in thi; fjict 
thftt chloride ian \h necessary for the prtcipiiation of ^tst group iiyns (| 5). 
while hydrogen ion detertnines the precipitation of cyanides . Accordingly hydro- 
chhric, nitric or sulphuric a^ids will decompose cyanides, but oti^y kydrockhric acid 
precipitate* fifftt K'^>up components. 

* Consult I 167 for the relation between the valence of the anion!; und that at the 
metal M. 
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The above equations show clearly the results obtained in bringing 

cyanides into solution. The complex ion M,{CN}/ is transposed 

into the cation M,\ Similar considerations hold for the reactions 

of the ions M„(CNj/ and Mj,(CN)/\ How are these formu- 

lated? 

(b) Cyanogen compounds of the type of ferro- ^nd ferrkyanides, 
wiiich are mlubh in water, are decomposed by concentrated sul- 
phuric acid I and not by hydrochloric acid* In comparison with 
sulphuric acid concentrated hydrochloric acid is less active, because 
a larger percentage of it escapes during the heating, without acting 
on the cyanide, 

The cyanide is stirred up with concentrated sulphuric acid to a 

thin paste in a platinum crucible. The crucible is then heated over 

a bunsen burner until the evolution of white fumes of sulphur tri* 

oxide ceases. To bring into solution the basic sulphates that are 

thus formed, the residue is cooled and moistened with concentrated 

hydrochloric acid. After the acid has reacted for some time, water 

is added and the mixture is heated, if necessary, until solution is 

effected* As a rule, however, this labor is unnecessary since the 

identification of the simple cations and, in particular, of the complex 

^f^ions according to §5 147 and 148 presents no difficulties. 

It is necessary to decompose soluble cyanides of this nature (see 
above) only in those cases where it is uncertain whether correspond* 
*ng complex (cyanogen) anions of other metals than iron, for exam- 
ple» of cobalt or manganese, are present or not. 

(c) Difficultly soluble cyanogen compounds are also sometimes 
decomposed in the above-mentioned way (b) to show if they contain 
P^iamum and sodium. However, since they undergo a complete 
decomposition (compare jj 147)1 it is still necessary to prove which 
"Metallic components form complex anions with cyanogen and which 
"^ve the function of a cation. Thus, for example, decomposi- 
tion of cobaltous ferricyanide, Coj(Fe{CN) J^* ^^^ ^f ferrous 
tobahicyanide, Fe3(Co(CN) jj, with concentrated sulphuric acid 
?tves ihe same analytical results, although the two salts are essen- 
'^'ly different in their properties. 

The distinction can be made by a method similar to the one used 

'^^ analyzing difficultly soluble sulphates or chlorides, namely by 

"^^ting the compounds in question with a solution of alkali carbo- 

^^te Qf ^hydroxide. The respective carbonate and hydroxide of the 

H 
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metal which is acting as a cation is obtained by this means. The 
complex anions, howe\'ert are brought int(^^|tion, as is shown bj 
the equations: 



and 



Fe,(Co(CN) ,) , + 60H' = jFefOHj, ^ + 2Co{CN) ;", 
Co,{Fe(CN)J, +60H' = 3Co(OH), + 2Fe(CN);", 



The hydroxide is filtered, washed and dissolved in dilute nitric 
acid. In case all does not dissolve, the transformation with hy- 
droxy 1 ion has not been complete. In this case the treatment mtJi 
alkali hydroxide must be repeated. 

The aqueous solution containing the anion and the excess of alkali 
carbonate or hydroxide, is neutralized with dilute nitric acid, ll is 
then tested with the typical cations according to 5 1 10. Inconse- 
quence of the solubility of aluminum*, chromium- and zinc hydrox^ 
ides in alkaline liquidsj a precipitation occasionally takes place on 
neutralizing hydroxyl ion. The precipitate is then filtered, washed, 
dissolved in acids and tested for cations. 

Many alkali cyanides are difficultly soluble in water. Hence be- 
sides the treatment with alkali carbonate or -hydroxide, always a 
special treatment with concentrated sulphuric acid or mercuric oxide 
(d) is made to prepare a solution which can be tested for ions of the 
alkali metals, 

(d) Cyanides of the character just mentioned (c) can be prepared 
for the tests for potassium or sodium in still other ways than by 
heating them with concentrated sulphuric acid. By means of the 
reaction which takes place on heating cyanides with mercuric oxidi^ 
a solution is obtained, even with the majority of difficultly soluble 
cyanides {consult J 1 76). In case the insoluble compound contained 
potassium or sodiumi this solution contains the corresponding ions, 
It is filtered from the excess of mercuric oxide and the insoluble 
hydroxides, and is tested in the usual way. A direct test for potas- 
sium and sodium without previously removing the cations that are 
precipitated by the group reagents in impracticable. 

The remaining metallic components (except Hg'*) are tested for 

^ To avoid complicating tlie relations stUI more, the possible transformatlQn&, 
like those of \ i49i {^)t are not taken into account* The relations which h^%'e just 
been discussed are not essentially influenced by this. 

^In this case the addition of alkali hydroxide (J 176) is unnecessary 
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in the solid residue left after filtration. For this purpose it is washed 
and dissolved in dilute nitric acid. The solution is then tested for 
Cations by the methods already described. However, it need not 
be tested for cations of the alkali metals, since these are contained 
in the solution filtered from the above residue. 

The solutwn may also contain ZnO^\ For zinc hydroxide is 
formed in the reaction with mercuric oxide and redissolves when 
the solution contains sufficient hydroxy I ion (compare jj 8l). 

To eflfect the solution by means of mercuric oxide can serve only 
place of the decomposition of difficultly soluble cyanides by con- 
ntrated sulphuric acid. The method is more simple, however, and 
can be carried out more rapidly. To distinguish the nature of the 
cations and the complex antans (consult (cj)* a special treatment 
with alkali carbonate or hydroxide must alwavs be made. 



M 



185. To bring fluorides into solution. Although many fluorides 
dissolve in dilute or concentrated hydrochloric- or nitric acid, as has 
already been mentioned in § ii7| this property is not utilised in 
analysis, because impurides would be introduced into the solution 
in consequence of the action of hydrofluoric acid upon glass. Flu- 
orides must be decomposed by heating them with concentrated sul* 
phuric arid in platinum vessels, at first on the water- bath and finally 
over a free flame. Platinum withstands the action of hydrofluoric 
cid. 

Not Infrequently /ar too much concentrated sulphuric acid is used 
for this purpose. To evaporate this acid requires a long lime. It 
is therefore more suitable, especially with less diflScultly soluble 
fluorides, to heat the powdered fluoride with dilute sulphuric acid, 
using a slightly larger volume of the acid than corresponds to the 
quantity of fluoride taken^ and adding a few drops of concentrated 
sulphuric acid. In calculating the number of grams of sulphuric 
acid required, it may be arbitrarily assumed that the unknown con* 
sists of pure calcium Jfuoride, CaF^. One formula weight of this, 
78,1 g,n requires one formula weight of sulphuric acid, 98.1 g. 

In case it is desired to measure the acid by volume, and not by 
weight, the weight must be calculated to volume. This is a very 
simple calculation if it is known how many g. HjSO^ are contained 
in a definite volume of the acid. When the concentration of the 
acid is unknown, its specific gravity is determined with an araometer 
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The content of acid corresponding to the density found is then taken 
from specific gravity tables for sulphuric acid, which are always 
kept in chemical laboratories. 

The excess of sulphuric acid is driven off by heating the platinum 
vessel over asbestos in the hood. The residue is then treated with 
dilute acid. Sulphates which do not go into solution by this means 
are treated according to § 1 83. 

186. The solution of oxides. Cakined oxides of aluminum:^ 

chromium and irofi dissolve so slowly when they are heated with 
concentrated acids that the method is not adapted to bring them into 
solution. The reaction velocity can be increased by raising the tem- 
perature. Since this is limited by the volatility of the acids used» 
(acid-) or hydrosidphates are applied. At high temperatures they 
decompose according to the equation : 

2KHSO,-K,SO, + H3SO,, 

This is readily recognized by the escaping fumes of sulphur trioxide. 
Hence to render the oxides soluble they are mixed with from six to 
ten times their weight of potassium hydrosulphate, and the mixture 
is heated from 10-20 minutes in a covered crucible until it melts. 
In the case of ferric oxide the following reaction takes place under 
these conditions; 

Fe,03 + 6KHSO,=Fe,{SOJ, + 3K,SO, + 3H30. 

The fused mass is dissolved in water when cold. If the temperature 
is raised too high the sulphates lose sulphur trioxide (Principles, p, 
569), and are transformed into bask- ( = hydroxy-J or oxy-sul- 
phates, which are less soluble in water. To bring these into solution 
some hydrochloric acid must be added. 

In case the dry test has shown that the mixture of oxides contains 
chromic oxide (green phosphor salt beads in the oxidizing and re- 
ducing flames), the method given in § 57 for separating chromic- 
and ferric hydroxides may be combined directly with the above 
fusion* This is done by fusing the substance with severaj times its 
weight of potassium nitrate, or potassium chlorate, and sodium car- 
bonate. By this means a chrumate is formed. It goes into solution 
on extracting the fused mass with water, while aluminum- and ferrk 
oxides remain undissolved. These are dissolved in acids, or are 
rendered soluble by a fusion with potassium hydrosulphate. 
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The fusion with potassium hydrosulphate may be carried out in a 
platinum vessel, but for the oxidation of chromic oxide, however, 
a platinum crucible may be taken only when all of the hydrosulphate 
^hich has not been used up in the transformation of the oxides, has 
been decomposed. This is the case as soon as white fumes of sul- 
phur trioxide cease to be evolved on prolonged heating. 

Tin dioxide and antimony trioxide are rendered soluble by heating 
them with from four to six times their weight of a mixture contain- 
ing equal parts of anhydrous sodium carbonate and sulphur. The 
mixture is placed in a covered porcelain crucible and is heated by 
means of a bunsen burner with the flame only three to four centi- 
meters high. The heating is continued until sulphur no longer 
bums from beneath the crucible cover. Sodium salts of sulphostan- 
nic and sulphantimonic acids are formed by this means. They are 
readily soluble in water. For the analysis of the aqueous solution 
consult § 25. 

In case any other oxides have been left undissolved in consequence 
of an insufficient treatment of the mixture (which may contain ox- 
ides soluble in acids) with acids, these are also transposed into sul- 
phides by this means. The sulphides are left undissolved on extract- 
ing the mass with water. Consult the following paragraph for the 
methods employed to bring them into solution. 

187. The decomposition of sulphides. Only sulphides of the al- 
kali metals and ammonium are soluble in water. Most insoluble 
sulphides are decomposed by heating them with hydrochloric acid 
or nitric acid (consult §§ 21, 26, 75). As a rule, however, native 
sulphides are more slowly transposed by this means than those 
freshly precipitated. 

A substance or mixture which evolves hydrogen sulphide in the 
preliminary tests with acids, or which is otherwise indicated as a 
sulphide in the dry way, is heated with nitric acid of about 1.2 spe- 
cific gravity until no longer any products of the reduction of nitric 
icid (§ 155) escape. 

The strongly acid solution is next diluted somewhat, and is filtered 
from any insoluble residue, which may contain antimonic and stannic 
acids, arsenic and mercuric sulphides or lead sulphate.* The filtrate 
is tested for the cations of groups II, III, IV. 

^Lead sulphate forms through oxidation of the sulphide with nitric acid. 
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Bkmuth is indicated if a cloud forms on diluting the solutionis 
order to render the precipitation with hydrogen sulphide more com- 
plete (see J§ 19^ 31), For it is not impossible that the filtered 
residue contains basic bismuth nitrate as a result of diluting the nitric 
acid solution before filtering. 

The residue left after treatment with nitric acid is first wasktd 
and then gently heated mtk ammmiium suiphide. By this means 
arsenic trisulphide, antimonic and stannic sulphides, antimonic and 
stannic acids are dissolved. Lead sulphate and basic bismuth nitrate 
are transformed into the corresponding sulphides. 

Crystalline stannic sulphide fmosajc gold) is somettmes much vaov^ stabk 
towards solvents. By fusing it with a mixture of sodium carbonate and sul- 
phur (consult I 1B6) it ts transformed into sulphostannate. 

Since mercuric sulphide would volatilize under these conditions, a mixture 
which is taken to be mosaic gold and is correspondingly tested, must be 
heated with aqua regta (see below) in order to bring mercuric sulphide into 
iolution before it is fused with sodium carbonate and sulphur. 

A residue left after filtering the ammonium sulphide solution is 
first washed and then heated with dilute nitric acid in order to dis- 
solve lead- and bismuth sulphide. (This step is omitted if the pre- 
liminary tests exclude these metals.) The solution is added to the 
first nitric acid solution, which is to be tested for cations. 

Mercuric sulphide is brought into solution by heating it with aqua 
regia (g 21} and is identified according to the methods there given- 

Sometimes a residue will stiJI remain undissolved- In this case 
the nature of the residue must be determined by suitable tests (phos- 
phor salt bead for sUicateSt hepar test for sulphates). It is then 
brought into solution by the proper methods when a sufficient quan- 
tity is present to warrant the tests. 

, 188, Dissolving metals and alloys. A convenient preliminary 
test to determine the nature of the metals consists in heating a small 
quantity of the object with water to the boiling point. Since the 
glass of a test-tube is readily cracked when it is heated directly over 
the flame, owing to local superheating through a more rapid conduc- 
tion by the metal, it is best to dip the test-tube into a larger vessel 
filled with boiling water. 

A number of alloys which contain cadmium, lead, bismuth and tin 
melt from 65-95 °C, Hence if the alloy melts in the above test it is 
quite certain that it consists of the above-mentioned metals. 
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imalgams of the alkali- and alkali earth metals evolve hydrogen 
with water at ordinary temperatures » more rapidly when heated. 
Simultaneously drops of mercury gather at the bottom of the test- 
tube* How are these reactions for the decomposition of amalgams 
of alkali metals by water formulated ? 

The remaining preliminary tests are restricted to the tests on char- 
coal. Alloys are broken up by means of pliers or some other suit- 
able instrument (file) for the method of dissolving described below. 
Most metals go into solution when heated with nitric acid of spe- 
cific gravity 1.2. Tin and antimony are changed into insoluble tin 
dioxide and antimonic acid respectively: gold and platinum remain 
unchanged. As soon as the action of the acid ceases^ reduction 
products in the form of brown vapors are no longer evolved. The 
solution, together with any undissolved residuei is next evaporated 
on the water-bath to dryness. The residue is treated with water to 
w^hich a little nitric acid has been added. The undissolved portion 
is now filtered, washed and warmed with ammonium sulphide. By 
this means tin dioxide and antimonic acid are brought into solution, 
A residue remaining after treatment with ammonium sulphide 
may also contain bismuth sulphide which is formed by the action of 
ammonium sulphide upon the residue left undissolved by acidulated 
water after treatment with nitric acid. To bring it into solution it 
is first washed thoroughly and is then heated with dilute nitric acid. 
This solution is added to the first nitric acid solution. Gold and 
platinum are dissolved by heating with aqua regia. 

Any residue left undissolved after the action of the above reagents 
is usually composed of silica, SiO^. To dissolve it consult the fol- 
lowing paragraphs. 



iBg. Silicates. The importance of silicate analysis in geology 
warrants a more comprehensive treatment than can be given here. 
Accordingly the following statements are designed to furnish merely 
the principles most essential for further training in this specialized 
domain. 

Natural silicates are all practically insoluble in water except those 
of the alkali metals* The solution processes which constitute a part 
of the geological reactions consist in reactions with water which pro- 
ceed under existing conditions in the sense that the silicates are 
hydrolyzed, that is, decomposed into silicic acid and base. It may 
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be assumed as a first approximation that differences in the stabilitv 
of individual silicates towards water stand to their solubility in water 
in the following relation. Water acts more rapidly and more com- 
pletely the greater the solubility of the silicate in water.' 

The most customary methods of dissolving silicates consist in the 
use of substances which promote hydrolysis, or in transforming dif- 
ficultly soluble into more easily soluble silicates. Apart from the 
effect of carbon dioxide, which plays an important role in nature 
(Principles* p. 421) t the action of water consists in the formation 
of the corresponding base and silicic acid, as is expressed bv the 
equation: 

Na3SiO,+ 2H,0 = 2NaOH+ H,SiO,.= 

According to the laws go%^erning chemical equilibrium this trans- 
formation wiil proceed further if the concentration of the resulting 
products is decreased. Hence the simplest means of increasing 
hydrolysis is to neutralize the resulting hydroxyl ion w*ith hydrogen 
ion (hydrochloric acid). This also keeps the resulting silicic acid 
from remaining in colloidal solution. 

190. Decomposition of silicates with hydrochloric acid is 

practically carried out as follows. The silicate is first ground md 
sieved (g 169). Concentrated hydrochloric acid is then added and 
the mixture is evaporated to dryness on the water-bath. During 
the evaporation it is frequently stirred with an instrument that 
is not attacked by hydrochloric acid (glass rod or porcelain spatula)* 
in order to keep the separated silicic acid from protecting the un- 
changed silicate against further action of the acid. 

The soluble portion of the evaporation residue is taken up with 
dilute hydrochloric acid. This is effected by moistening the residue 
with a few drops of cmicthtrated hydrocMork acid and diluting with 
water after 15-20 minutes, when basic chlorides which may have 
formed during the evaporation are transformed into soluble chlo- 
rides. These now go into solution, while silicic acid remains behind* 

Silicic acid will go into solution partially and this disturbs the 
tests for cations in the third group (ij 51), Hence incases where 
it is desired to separate the silicic acid as completely as possible, the 

'References to thi^i ure ccmtained in Braun's Cbemkal MineraJogy, LetpiJgh 
18^, PI>, jqS 

^This is an idtal formulation and the snie»e of the- reat:lJon and the naturt of tlic 
reaction products, rather than their tmnp'tsition, are indicated. 
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filtrate is again evaporated with hydrochloric acid and is then treated 
as above described. 

To show that only silicic acid remains in the filtered residue it 
is heated with hydrofluoric acid in a platinum crucible under the 
hood. Silicic acid volatilizes as silicon tetrafluoride under these 
conditions: 

Si02+4HF = SiF,+ 2H,0. 

For this purpose the precipitated silicic acid is thoroughly washed 
and dried on the filter in a suitable box. The whole is then placed 
in a platinum crucible supported in an oblique position in order to 
give free access to air required for incinerating the filter, and the 
:rucible is heated to redness. When cold the residue is slightly 
moistened and is mixed with a few drops of concentrated sulphuric 
SLcid and about 5 cc. hydrofluoric acid. The contents of the crucible 
sire then evaporated to dryness on the air- or water-bath. It may 
be necessary to heat the crucible directly over the burner to drive off 
the sulphuric acid. 

When the silicate is only partly decomposed by hydrochloric acid, 
I residue consisting of corresponding sulphates is left after treat- 
ment with hydrofluoric and sulphuric acids. This residue can be 
dissolved by heating it with hydrochloric acid. The solution is then 
idded to the other hydrochloric acid solution, which is tested for 
rations. In case the amount is rather large it is brought into solu- 
ion according to § 60. 

Not infrequently silicates contain titanic acid. This is left behind 
ifter treatment with hydrofluoric acid. For the methods employed 
o distinguish it consult § 222. 

iQi. Fusion of silicates with alkali carbonate. The majority 
)f silicates which are usually the object of analysis, belong to the less 
soluble varieties and therefore are only partly decomposed by hydro- 
rhloric acid. 



The question whether a silicate is decomposed sufficiently rapidly and com- 
pletely by hydrochloric acid is settled by boiling a small portion of the sieved 
naterial for a few minutes with concentrated hydrochloric acid. The liquid 
s then filtered and to the filtrate are added ammonia and sodium phosphate. 
[n case the amount of precipitate formed is considerable, a larger portion of 
;he silicate is treated according to the above method (§ 190); Kolbeck, Platt- 
ler's Blowpipe Practice, p. 89, footnote. 
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Silicates which are only incompletely decomposed by hydrochlori* 
acid are transposed into corresponding alkali silicates by fusion with 
four to six times their weight of alkali carbonate (or a mixture ol 
potassium- and sodium carbonate). Schematically this transforma- 
tion is expressed as follows; 

Al,(SiO,) ,+ 3Na,C0, = jNa^SiO, + Alfi.^sCO, 

On heating the mixture the temperature must be raised only gradu- 
ally, since the contents of the crucible may be spirted out if carbon 
dioxide is evolved too rapidly. 

Pyro- or poly silicates (Principles, p, 420) of the general formula 
nMO.mSiOj (where M is the symbol of a bivalent metal) evolve 
more carbon dioxide. The corresponding acids, so-called polysilicic 
acids, give ordinary metasilicic acid, HjSiO,» by subtracting 
(m— n)H30, 

Finally the liquid contents of the crucible are heated 15-20 min- 
utes over a blast lamp. It is then chilled, i, e, dipped into cold w^ater 
while still hot. The fused mass now easily separates from the cru* 
ciblc walls. It is broken up in a mortar and the excess of carbonate 
is decomposed by addition of dilute hydrochloric acid. Silicic acid 
separates in this liquid as a gelatinous mass. A few drops of con- 
centrated hydrochloric acid are added to the liquid, which is then 
evaporated to dryness on a water-bath. By this means the alkali 
silicates formed are completely decomposed and silicon dioxide sepa- 
rates/ For the separation of the chlorides from silicic acid consult 

192. ETaporation of silicates with hydrofluoric acid. It is 

evident that the method just described in the preceding paragraph 
can be applied only when the silicate in question is not an alkali 
silicate, or when the tests for alkali metals can be left out. 

According to Bunsen, to determine if a given silicate contains al- 
kali metals, a small portion is heated on a platinum loop in the fusion 
zone with gypsum that is free from potassium and sodium. There 
are formed calcium silicate and the corresponding alkali sulphates, 
which impart characteristic colors to the Hame, To clear up any 
uncertainties that may exist, a comparative test is made without add- 



* Concerning the behavior of alkali silicates towards acids consult Principles, p. 
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ing gypsum to the mineral, or a mixture of a silicate which con- 
tains potassium, sodium or lithium « is heated with gypsum in the 
fusion zone of the flame. The Hempel method of reduction with 

nnetallic magnesium (J 172) is better adapted to settle this question, 
however For the detailed description of the operations consult 
I 172- 

In case the dry tests have indicated an allcali silicate, solution is 
brought about with hydrofluoric acid, which reacts with silicates to 
form gaseous silicon tetrafluoride and fluorides of the metals con- 
tained in the silicate. Schematically the reaction may be represented 
by the equation : 



Na,SiO,+ 6HF= 2NaF+ SiF, + 3H,0, 



W 



According to the method to be described the fluorides are trans- 
formed directly into sulphates. 

The silicate is placed in a platinum crucible or evaporating dish 
and is moistened with a mixture made up of equal volumes of con- 
centrated sulphuric acid and water. Then from 5-10 cc. hydro- 
fluoric acid are added in small portions- The mixture is healed on 
a water-bath and is stirred from time to time with a platinum wire 
until hydrofluoric acid and silicon tetrafluoride are no longer evolved. 
It is best to repeat the evaporation with hydrofluoric acid. Then by 
heating the platinum vessel on an asbestos plate the excess of sul- 
phuric acid over the quantity required to transpose the fluorides into 
sulphates is driven off. Finally the residue of sulphates is dissolved 
in water, or is brought into solution by the method described in jS 
183. 



193. Tht methods employed when tlie unknown contains or- 
ganic compounds, l^he following explanations relate to cases in 
which complex compounds containing one of the organic ions dealt 
with in §1 1 16, 138, 158 occur as components. As has already been 
stated, for example in § 70> troubles are occasionally met with in such 
cases. The reactions of the cations which form the second constit- 
uent of the complex ions are weakened to such an extent that varia- 
tions in the above described procedure of testing for cations 
become necessary. 

The simplest means of destroying the complex compounds con- 
sists in heating the substances in question to redness with free access 
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of air. By this means the organic constituents of the complexes are 

destroyed. The metallic components are for the most part practi- 
cally non-volatile and are left behind except for slight losses, whichi 
with proper care, are negligible. The residue is dissolved in water^ 
to which acid may be added if necessary, and the solution is then 
tested by the customar)' method. 

Since the disturbing effect of the above-mentioned anions consists 
in the formation of complex ions, and this influences the differeri^^ 
cations to a variable degree, it is occasionally of interest to dete^' 
mine which cations exhibit *^ abnormal reactions," This problem i^ 
settled in the following way, but only with the limited certainty 
which in general accompanies qualitative methods. The origin; 
solution in question is first tested by the ordinary methods for cat - 
ions. 

It must be borne in mind that occasionally the third group catiom 
are precipitated by ammonium sulphide, that is, in the fourth group 
under these conditions. Therefore the s^olution of the ammoniuncS 
sulphide precipitate must be tested for cations of the precedinj 
groups with the proper group reagents. 

However » the fact that the precipitate obtained with ammoniu 
sulphide contains hydroxides or sulphides of cations from other 
groups, affords evidence that these caliom ha^'e abnormal reactions, 
i, e. form complexes with the organic components. 

After applying the group reagents there remain in the solution 
(apart Irom Mg \ K.\ Na ) only those cations which form com- - 
plezes. The nature of these cations can then be determined by ' 
another complete analysis of the solution of the residue left after 
destroying the excess of ammonium compounds (consult | ioi)< 
Otherwise this solution is used only for the tests for K' and Na'. 
The alkali ions are determined according to J lOO in the solution 
from which the cations that formed complexes have been precipi 
lated. 

Apart from the above-mentioned special aim, to /if a/ the substance 
to retiness only after the analysis carried mit in the usual manner has 
indicated disturbances^ is better than to heat it to redness directly 
(before carrying out the analysis for cations), in case the dry tests 
have shown that compounds of the anions in question are present. 
For in many cases it is not necessary to destroy the organic com- 
pounds. 
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1 94* Analysis of organic compounds for the most commonly oc- 
curring elements follows directly the problems explained in the pre- 
ceding paragraph. The elements in question are carbon, hydrogen, 
sulphur, the halogens and nitrogen, To^detect carbon in a com- 
pK>und a mixture of the substance in question with freshly heated 
copper oxide is heated in an appropriate tube (bulb-tube). The 
mixture is covered with a layer of copper oxide and the vapors 
evolved on heating are passed into baryta solutions. A precipitation 
of barium carbonate is caused by carbon dioxide resulting from the 
oxidation of carbon. 

The separation of water on the cooler portions of the tube indi- 
cates that the compound contains hydrogen. 

On the one hand the methods of detecting sulphur in organic com- 
pounds consist in a reduction to a compound \vhich yields sulphide 
ion when dissolved. On the other hand they consist in an oxidation 
to sulphate ion, which can be unequivocally identified by means of 
tarium ion. Sodium is used for the reduction. A small quantity 
of the compound is heated in a bulb-tube with a piece of sodium the 
size of a pea. The sodium is freshly cut from a larger piece and is 
dried between filter paper. The tube is dipped in cold water while 
still hot and cracks. In this way its contents are readily removed 
and can be brought into solution. Any sodium that has not been 
decomposed will react very violently with water, hence caution is 
necessary. The filtrate contains sodium sulphide in case sulphur 
was present in the compound. Upon addition of acetic acid and lead 
acetate a black precipitate of lead sulphide forms. The Hempel 
method of reduction described in § 172 is especially adapted to the 
detection of small quantities of sulphur. 

Oxidation to sulphate ion may be effected in various ways, viz. 
by heating with concentrated nitric acid, hydrochloric acid and po- 
tassium chlorate, hydrochloric acid and bromine, or by fusion with 
sodium carbonate and potassium nitrate. 

The detection of chlorine, bromine and iodine is effected in the 
following manner. A portion of the substance in question is heated 
in a bulb-tube with a piece of sodium and the contents of the tube 
are brought into solution as above described. However the solution 
must be acidified with nitric acid before silver nitrate is added. The 
Hempel method of reduction is also recommended in this case if only 
small quantities of the original substance or mixture are presented 
for analysis. 
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According to the method of Caritis the substance is heated wi^^^ 
fuming nitric acid and silver nitrate, which forms the silver halic^^^ 
directly. 

The proof that a compi5und contains nitrogen is based upon th -^^ 
detection of ammonia or cyanide ion. Certain compounds form am-^K^" 
monia when heated with potassium hydroxide or soda lime (a mix :^^- 
ture of sodium- and calcium hydroxides) in a test-tube. Ammoni^s^i^ 
is identified by the means mentioned in § io8« 

However many compounds which contain nitrogen do not yielcfc:::^ d 
ammonia in the above process. Hence it is more certain to trans— -^^" 
form nitrogen into cyanide by fusing the compound with freshly cuP" -^-^^ 
potassium or sodium, dried between filter paper. The fusion i^^Ss 
brought into solution in the manner described above for sulphur — ''■^• 
The solution is then tested for cyanide ion by means of the Prussian^"^ 
blue test (§ 146). In case the compound contains but very little-^^^ 
nitrogen, the precipitate forms only after some time, and at first a — =^ 
blue green coloration is alone produced. 

Certain compounds which are easily decomposed demand more 
specialized treatment. The details are to be found in text books of 
organic chemistry. 
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PART IV. 

THE RARE ELEMENTS. 

195. The properties of the ions of the rare elements that are 
xnost important for analysis. These elements are arranged in 
groups according to the behavior of their ions towards the ordinary 
group reagents. The groups, however, bear no special resemblance 
to corresponding groups of the commoner metals taken up in Part /. 
They are arranged in this particular way* to facilitate the explana- 
tion of certain irregularities met with in the ordinary course of 
analysis, which indicate that compounds of rare elements are pres- 
ent. Further any similarities as well as differences in the behavior 
of corresponding compounds are more easily impressed upon the 
memory. 

The following table gives a general retrospect of the most striking 
color reactions of the rare elements in the phosphor salt bead and in 
the non-luminous bunsen flame. 
The phosphor salt bead is colored: 

In the oxidizing flame; In the reducing flame; 
Red; By cerium (hot) ; By titanium and tung- 

sten (blood red if iron 
is present) ; 

Yellow; By cerium (colorless 

cold) ; 
By uranium (yellow 

green cold) ; 

Green; By vanadium; 

By molybdenum (hot) ; By molybdenum (cold) ; 

Blue; By tungsten (cold); 

Violet; By titanium, didymium. 

The bunsen flame is colored: 
Carmine red; By lithium salts; 

Green; By thallium salts; 

*For a system, of qualitative analysis, including nearly all the metallic elements, 
consult A. A. Xoyes, Technology Quarterly, x6 and 17. 
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Blue green; By ignited tellurium; 

Sky blue; By ignited selenium (odor of horse radish)^ . 

Blue violet; By indium salts; 

Violet; By rubidium and caesium salts; 

(compare also the spectral tabJe), 

GROUP I- 

196- Hydrochloric acid precipitates the ions of thallium (TICI), and 
molybdenum, tungsten* niobium, tantalum. The acids are precipe 
itated in the case of the last four elements. The precipitates go into 
solution for the most part in an excess of acidj and hence these four 
elements also belong in another group. Consequently their proper- 
ties will be mentioned later. Under certain conditions, however, 
tungstic acid does not dissolve in acids. This point will be taken 
up again to indicate its connection with the related elements. 

1 97* Thallium forms uni- and trivalent cations. The former 
are colorless, the latter light yellowish. Thallous ion is more stable, 
hence thai lie ion may be formed from it only by the action of very 
strong oxidizing agents, as chlorine or permanganates in acid solu- 
tion. 

With soluble halides thallous ion^ for instance a solution of thal- 
lous nitrate, forms precipitates that are sensitive to light. The solu- 
bility decreases from the chloride to the iodide. The latter salt is 
yellow and serves best to identify thallous ion by reason of its great 
insolubility, Thallous halides are not much more soluble in acids, 
ammonia or potassium cyanide than in waten They are soluble in 
thiosulphatest however, ^especially the chloride. It is hence prob* 
able that a complex thiosulphate ion exists. 

Thallojis hydroxidej -phosphate and -borate all dissolve readily. 
The carbohaFte is somewhat difficultly soluble. Hence alkali carbo- 
nates will form a white precipitate with concentrated solutions of 
thallous ion. 

The chromate is yellow, quite difficultly soluble in acids. Chloro- 
platinic acid forms a bright yellow precipitate of thallous chloro- 
platinate, Tl jPtCI^, very difficultly soluble in cold water. 

From neutral solutions hydrogen sulphide precipitates brown black 
thallous sulphide incompletely. By decreasing the concentration of 
the resulting hydrogen ion through addition of an acetate, the pre- 
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^^piiaiion becomes practically complete. In its solubility relations 
^t^allous sulphide lies between the sulphides of iron and zinc. Am- 
monium sulphide precipitates thallous ion practically completely. 
Corresponding to the weaker cation character of thalUc ion its solu- 
tions are hydrolyzed to a greater extent than thallous salts. 

With alkali hydroxide thallic ion forms a brown precipitate of 
iydroxide. which has the forinula TIO(OH) when dry. ThalHc 
halides decompose into thallous halides and free halogen on standing. 
The chloride has the greatest stability. 

The vapors of thallous compounds emit a green light, which is 
very important for the analytical detection of this element. This 
property ser^^es to identify thallous chloride in a mixture w-ith the 
chlorides of first group ions (§ 5). 



GROUP n. 

The precipitate obtained with hydrogen sulphide may contain sul* 
phides of the following elements: platinum (^ iq8)j paliadium {§ 
199), rhadium (J 200), iridium (§ 201), osmium (iJ 202) » ruike- 
nium (j 203), gold (§ 205), selenium (§ 207) j tellurium (§ 208), 
molybdenum (| 206), germanium (§ 2og) and gallium (J 223), 

198. Platinum exists in bi- and quadrivalent forms. Cation char- 
acteristics are only slightly developed (Principles, p. 751), Accord- 
ingly the properties of the cations have very little analytical im- 
portance. Complex anions with the halogen elements, however, play 
an especially important role. They have the composition PtCl^'' and 
PtCl/' respectively J and are termed chloroplatinite and chloroplati- 
nate ion. Platinum is also bi- and quadrivalent in these ions (con- 
sult S 167).* The latter is more stable and hence more important. 
Consequently its properties will alone be mentioned, '^ 

With chloropktinic acid potassium- and ammonium ions yield 
characteristic precipitates, already mentioned in ^§ 1 03 and log. 
The acid may be prepared by dissolving platinum in aqua regia and 
evaporating the solution to dryness. 

Alkali iodide gives rise to a dark red color. 

'TKe va^lence of chli>rine is^ flssutned tn be known, According to the lonnula HCl, 
it is univalent. Pfom the rule referred to abov^i it f<?Uow£ ih:4l the Viilence is 
expressed by Sk negative value. 
16 
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The details of this reaction have not yet been worked out. Iodine separat-^ 
to a limited extefit, according to the equation. 

Pta/' + al' -PtCV + aCl' + 1,. 

On fihaldng out the solution with chloroform only a pale pink colof is ot^ 
tained. 

With silver nitrate the solution forms no silver chloride, — in ac- 
cordance mth the fact that it contains very little chloride ion, — but 
a bright brown precipitate of the composition Ag^PtCl^ is obtained. 
It is very little soluble in ammonia, but dissolves comparatively easily 
in alkali cyanide and in thiosulphatc. 

On passing hydrogen sulphide into a solution of chloroplatinic acid 
a black precipitate of platinic sulphide, PtS^, forms after some time 
(since the solution contains very little platinic ion). The precipitate 
is insoluble in hydrochloric or nitric acid, but dissolves in aqua regia. 
In this respect it agrees with mercuric sulphide. The two sulphides 
are distinguished by the greater volatility of the latter, Platinic sul- 
phide also dissolves in solutions of alkali- and ammonium polysul- 
phides* Any residue left after digestion with polysulphides must 
nevertheless be tested for platinic sulphide, 

Chloroplatinic acid differs from chloroauric acid by its greater 
stability towards reducing agents (ferrous sulphate), // does not 
reduce to the metallic state in acid sduHons^ but may be reduced in 
alkaline solutimt. Chloroauric acid reduces in acid solution. Other 
reducing agents, as formic acid or a mixture of glycerine and sodium 
hydroxide, reduce chloroplatinic acid to metallic platinum; stannous 
chloride reduces it to chloroplatinous acid* Solutions of chloroplat- 
inous acid have a darker color and oxidize to chloroplatinic acid with 
chlorine, thereby becoming lighter in colon 

Platinuin tetrachloride i& formed by heating cMoi^platiiiic acid in an at- 
mosphere of chlorine. Its aqueous solutions have the properties of a diba^e 
acid.' This is due to the fact thai water forms with PtCl^ the compound 
PtCl^.HifO. The anions resulting from the dissociation of this compound are 
PtCl^OH' and PtCl^O". The solutions are not very stable, however, owing 
to the further action of water, by which chlorine is replaced with hydroxy 1 
and the ions H* and CI' are formed simultaneously. This hydrolj'ais is cata- 
lyticatly influenced (J 164] by illuminating the solution and also by means 
of platinum hlack.^ 



^ Sfiolati, Zeitschrift far anorg^nische Chemie* aa^ 44^, tgoi. 
* KohlmuBch, Z«it«chrift fiar physikalische Chemte, 33, 157* X900* 
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1 99. Palladium forms bivalent and quadrivalent ions. The latter 
are unstable; hence the properties of the bivalent ions alone have 
analytical importance. 

Potassium iodide precipitates palladous ion as black palladaus 
mdide^ Pdlj, a very delicate test. The precipitate dissolves to a 
brown solution in an excess of iodide ion. It is also soluble in am- 
moniat forming an ammonia complex. 

Mercuric cyanide precipitates yellow white amorphous palladous 
cyanide^ PdfCN),, soluble in ammonia and potassium cyanide. In 
the latter case a complex ion probably forms. 

Hydrogen sulphide precipitates black palladous sulphide, PdS, 
w*hich is insoluble in ammonium sulphide^ but dissolves in hydro- 
chloric or nitric acid, 

The reducing agents mentioned in the preceding paragraph reduce 
palladous ion to metallic palladium. In addition carbon monoxide 
and alcohol effect a similar reduction. 

Amongst the higher oxidation forms should be mentioned a com- 
plex ioDt PdCl^'\ analogous %vith chloroplatinate ion. It yields diffi- 
cultly soluble compounds with potassium- and ammonium ions* 



200, Rhodium. The following reactions relate to the trivalent 
ion, which is the most stable ion formed by rhodium under ordinary 
conditions. 

With alkali hydroxide a solution of rhodium chloride yields a black 
brown precipitate of hydroxide upon addition of some alcohoL 
Without the addition of alcohol a yellow precipitate of a hydra ted 
hydroxide forms slowly. It is soluble in an excess of alkali hy 
droxide. 

When heated with potassium nitrite the rhodium solution gives an 
orange yellow^ precipitate of potassium rhodium nitrite. The sodium 
salt is much more easily soluble than the potassium salt. Hence if 
sodium nitrite is used, some potassium chloride (potassium ion) 
must also be added to the solution. 

Hydrogen sulphide precipitates rhodium sulphide from a hot solu- 
tion. The precipitate is insoluble in ammonium sulphide, but dis- 
solves in nitric acid. 

Towards reducing agents rhodium chloride solution behaves like 
the solution of platinic chloride. 
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201, Iridium exists in three oxidation forms. The compounds ^^ 
the lowesti bivalent, form are very unstable. Analogous with plaC^^' 
num, the higher quadri- and trivalent forms yield anions IrCIg" ai^*^- 
IrCl/^'/ 

These latter ions bear the following relations to one anothen 
ducing agents » as sulphur dioxide, hydrogen sulphide, ferrous ioi 
and stannous ion, reduce chloroiridate ion to chloroiridite ion 
Chloroplatinate ion does not have this characteristic of being easil }^^ Y 
reduced, [Sulphur dioxide, however, reduces it to chloroplatinit^ ^^« 
ion, especially from an acid solution* Peter Klasonj Ben d* d. chem ^^' 
Gesellschaft, 37, 1360, 1904], 

With potassium and ammonium ions chloroiridnie ion forms crys— 
talline brownish yellow precipitates, which, however, are darker thar 
the corresponding chloroplatinates. Chioroiridiie ion forms no dif — 
ficultly soluble compound with potassium salts. 

Hydrogen sulphide reduces iridic compounds to iridous forms- 
*With the latter it then gives a brown precipitate of the sulphide^:: 
Ir^Sj,, which is soluble in ammonium sulphide. 

When a solution of iridium chloride is heated with an excess otf 
potassium nitrite a white precipitate forms, which is difficultly soluble 
in acids. This reaction is esfeciuUy charactcrisik &/ iridium satis. 

202 p Osmiuni forms compounds in which it is bi-, tri-, quadri-^ 
hexi- and octivalent. Only the properties of the highest oxygea 
compound, perosmic acid, and of the compounds in which osmium 
is quadrivalent, have analytical importance. 

Osmium tetroxide is formed by the action of strong oxidi 
agents upon finely divided metallic osmium, for example, by heating'' 
to redness in an oxygen atmosphere, by heating with concentrated 
nitric acid or aqua regia, by fusing with a mixture of potassium 
hydroxide and potassium nitrate or chlorate. Characteristic of per-- 
osmic acid, OsO^, are its great volatility and penetrating odor, re- 
sembling that of chlorine. The tetroxide volatilizes even on heating 
aqueous solutions of osmic acid or from its salt solutions. After 
acidification with hydrochloric acid the distillate from these solutions 

'According to the rule mentioned m f{ 53 and ifigi the ion IrCl^" corresponds^ 
to the higher valence of iridiuni. Assuming the valence of chlorine to be equaJ to 
iinity from the formula HCl* it follows that this correspomds to the quadrivAlcnt^ 
fonn (6 167)* The rule then gives a negative valu^ for the valence of chlorine 
(compare also f 197)^ 
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yields with hydrogen sulphide a black brown precipitate of the tetra- 
sulphide, OsS^, insolubfe in ammonium sulphide. 

The fact that a solution of alkaU osmate yields a distillate which contains 
penosmic acid indicates that the salt is strongly hydrolyaied. It is farther 
evident that perosmic acid has only weak acid properties. 

Indigo is decolorized by perosmic acid. With ferrous salt it 
yields a precipitate of osmium dioxide. 

In the potassium salt, K ^OsClg, osmium is quadrivalent. This salt 
Is formed by heating osmium with potassium chloride in an atmos- 
phere of chlorine. It is readily soluble (distinction from corre- 
sponding platinum salts). In the solution are contained both the 
anion OsC!/' and the cation Os"". A brown precipitate of os- 
mium tetrahydroxide, Os(OH)„ forms slowly through the action 
of alkali hydroxide, ammonia or alkali carbonate. 

Silver nitrate yields a dark olive green precipitate. Through the 
action of ammonia it decomposes and leaves a brick red residue. 
Hydrogen sulphide precipitates brown osmium disulphide^ OsS^, 
Reduction to the bivalent form takes place when the solution is 
heated with tannic acrd or with alcohol and hydrochloric acid, the 
color changing to blue. Sodium formate and metallic zinc reduce 
quadrivalent osmium to the metallic state, 

WTien heated with dilute nitric acid oxidation to perosmic acid 
takes place. The tetroxide distils over with steam, 

203. RtiUienium is very closely related to osmium with respect 
to the diversity of its combining ratios. Ruthenium tetroxide is 
formed under conditions analogous to those which give rise to os- 
mium tetroxide, but the transformation requires higher temperatures 
and stronger oxidizing agents* The tetroxide is crystalline, very 
volatile and has a penetrating odor. 

Corresponding to the fact that ruthenium tetroxide is less easily 
formedj it is also more unstable than osmium tetroxide. The subli- 
mation of the dry tetroxide is accompanied by an explosive decom- 
position. From m solutions it may be reduced to the lower oxida- 
tion forms (distinction from osmium tetroxide, which volatilizes 
unchanged). 

The trivalent compounds are the most stable of the lower oxida- 
tion forms. They result from spontaneous decomposition of the 
higher formSi or through the action of reducing agents, as alcohol. 
The solution of ruthenium trichloride is yellow. It becomes 
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douded on long standing, or when heated, through formation ol 

hydroxide- Alkali hydroxide yields a brown precipitate of the 
hydroxide, Ru(OH)jj. 

A solution of the trichloride or of potassium ruthenium chloride, 
K^RuCl^, yields a yellow solution with potassium nitrite (Gibbs), 
This assumes a characteristic carmine red color on adding a few 
drops of ammonium sulphide. Ruthenium compounds are distin- 
guished from compounds of the other platinum metals by the fact 
that solid potassium ruthenium nitrite is soluble in alcohol. To de- 
tect ruthenium ammonium sulphide is added to the alcohol solution. 
It gives a carmine red color in case potassium ruthenium nitrite is 
contained in the solution. 

Ruthenium chloride also gives a purple red colored solution after 
standing for some time with potassium sulphocyanate, in case ions ' 
of the other platinum metals are not present. 

When hydrogen sulphide is passed into the solution of ruthenium 
chloride a dark precipitate of indefinite composition is formed slowly* 
It dissolves in nitric acid and is also slightly soluble in ammonium 
sulphide, yielding a characteristic blue solution. 

Zinc reduces the trichloride. At first the solution assumes an 
azure color » probably from the formation of the dichloride, and 
fi.naJly it is entirely decolorized through reduction to metallic 
ruthenium. 

204. Separation of the platinum metals. The essential features 
of the following method have been 5et forth by F, Mylius and R. 
Dietz,* especially for the qualitative analysis of a given mixture with 
respect to the metals mentioned in H 198-203. 

(a) The metals are presented for analysis in compaci farm as an 
alloy. When in this condition it is a matter of extreme difficulty to 
bring them into solution. The alloy is first fused with several times 
its weight of zinc in an atmosphere of illuminating gas. When cold 
the fused mass is extracted with warm hydrochloric acid to dissolve 
zinc and any other metals that are present, which do not belong to 
the platinum group. The platinum metals are changed by this 
means into a form in which they may be brought into solution more 
readily than in the original compact alloy, with the exception of 
iridium and ruthenium. The mixture left after treatment with 
hydrochloric acid is next dried and heated to redness on a porcelain 

^Berichte der deatschen chemischen GeseUsihaft. 31, 31H7. iSqS. 
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l>oat in a current of oxygen. If osmium is present it %olatiIiBes 

xi nder these conditions as the tetroxide, which is collected in sodium 

J^jdroxide (forming a yellow solution) and tested according to g 

'^02. A non^volaliie residue is then mixed with sodium chloride and 

t.he mixture is gently heated in a current of moist chlorine. The 

piroduct is extracted with a small quantity of water. In case all 

does not go into solution the above process is repeated* A residue 

left finally after a second extraction with water may contain iridium 

and ruthenium. The aqueous solution may contain chlorides of 

platinum, palladium, rhodium, iridium, ruthenium and also gold 

chloride. By shaking out the solution with a little ether the latter 

may be removed. If gold is present the ethereal layer will have a 

yellow color. In this case the process of shaking out with ether 

must be repeated twice. 

The aqueous solution, after separating the ether layer, is then 
freed from the ether by gentle warming. Details of the further 
separation and identification of Ft, Pd, Rh, Ir, Ru are given below, 
(b) A solution containing platinum metals is offered for analysis. 
In this case the solution is acidified with dilute nitric acid and heated 
in a retort until it boils. The vapors are collected in sodium hy- 
droxide, which is tested for osmium as above given. The solution 
thus freed from osmium is next cooled and shaken out with a little 
ether to remove gold as above mentioned. Then it is mixed with 
ammonium acetate and formic acid and boiled in a flask with a re- 
turn condenser for several hours. An open glass tube about a meter 
long sen'es admirably to condense any volatile compounds. By this 
means a black precipitate of the noble metals is obtained through a 
reduction with formic acid. 

The reduced metals are washed and extracted with warm hydro- 
chloric acid to remove metals not belonging to the platinum group. 
The residue is then dried » mixed with sodium chloride and heated 
gently in a current of moist chlorine. If this product does not all 
dissolve in a little water the process is repeated with the insoluble 
residue. Then, as was already slated abo%T, any portion that is left 
undissolved after a second extraction with water » is set aside to be 
tested further for iridium and ruthenium. The aqueous solution 
may contain chlorides of platinum, palladium, rhodium, iridium and 
ruthenium. It must be as nearly saturated as possible, and to this 
end may be evaporated, if necessary. 
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IdenHficaiion of the nable metah contmmd in the cancentrt^ ^^i 
aqueous soluiion. Addition of saturated ammonium chloride so ^^' 
tion precipitates platinum as yellow, crystalline amniomum chloKT^- 
platinate. If the solution contained chlorides of iridium and rutfc^^' 
nium their corresponding salts will also be precipitated here. 131^1 
this case the precipitate has a darker color, which is characterisld^c. 

The precipitate is filtered and w^ashed, and the filtrate is set asic^^ 
to be tested for palladium and rhodium. In case the precipitate 
dark colored it is redissolved in a little warm water. By addilic=^>^ 
of hydroxylamine hydrochloride to the solution iridium and rulh^^* 
nium compounds reduce to lower oxidation forms, which yield i^cno 
precipitate with ammonium chloride* Then the solution is coole:^^^ 
and platinum reprecipitated as above by ammonium chloride. 

To separate iridium and ruthenium the filtrate from the precip --^^i" 
tation of platinum is evaporated to dr)'ness. By heating the evap^P" 
oration residue in a current of hydrogen reduction to the metallS^ ^^ 
condition takes place. The reduced metals are then fused tn a silve^^^ 
crucible with a mixture of potassium hydroxide and potassiurr^^"" 
nitrate. When cool the fused mass is extracted with water, whicL ^ 
dissolves ruthenium but leaves iridium behind. On saturating th -^^ 
solution with chlorine and distilling it from a retort the formatio^^ 
of a colored distillate indicates ruthenium, which is volatilLzed as th-^ 
ictroxide. The vapors are passed into alcohol acidified with dilute 
hydrochloric acid, as long as they escape colored, yielding a yellow 
brown solution. By making this solution ammoniacal and heating 
it with thiosulphate a deep red violet color is produced (confirma- 
tion of the presence of ruthenium). 

The residue of iridium left frojn fusion w^ith potassium hydroxide 
and niter is washed, dried and brought into solution again by heat- 
ing it with sodium chloride in a current of chlorine. The solution 
yields a precipitate with ammonium chloride. 

This same method also ser\'es to separate iridium and niLhenium 
in the residue left after removing osmium and twice heating in a 
current of chlorine with sodium chloride. 

To identify and separate palladium and rhodium the filtrate from 
the precipitation of platinum (iridium and ruthenium) is slowly 
evaporated to dryness with an excess of ammonia. The residue is 
next taken up with a very small amount of warm dilute ammonia. 
Any insoluble dark particles, which contain ruthenium for the most 
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>art, are filtered. On cooling the solution rhodium is separated as 
'-allow crystals of the composition Rh(NH5)5Cl3 (chlorpurpureo 
rhloride). In the filtrate palladium is detected by the addition of 
roncentrated hydrochloric acid, which precipitates palladosammin 
rhioride, Pd(NH5)3Cl3. A reduction takes place by heating this 
precipitate to redness in a current of hydrogen. The reduction 
>roduct is then warmed with concentrated nitric acid, whereby it 
foes into solution. The solution yields a precipitate with mercuric 
:yanide. 

205. Gold is univalent and trivalent. The compounds of uni- 
/alent gold are quite unstable in solutions and undergo spontaneous ^ 
lecomposition into the lower and higher oxidation forms, as is illus- 
trated by the decomposition of the chloride: 

3AuCl = AuCl3+2Au. 

Hence only the properties of the trivalent compounds are essential 
for the identification of gold. 

The solution of gold chloride contains the cation Au"*, and also 
to a certain extent the anions AuOCljH' and AuOClj''^ from the 
acid H^AuOClj, which is formed on dissolving gold chloride in 
water. (Compare the remarks concerning the corresponding com- 
pound of platinum tetrachloride, PtCl^.H^O or H^PtOCl^ in § 198). 

Alkali hydroxide precipitates red brown auric hydroxide, 
Au(OH)3, from a concentrated solution of the chloride. The pre- 
cipitate dissolves in an excess of alkali hydroxide, forming aurates, 
and is also soluble in acids. This shows that the hydroxide has 
amphoteric character (§ 42, footnote). Aurates contain the anion 
AuO/. 

Ammonia behaves quite differently. It forms a dirty yellow pre- 
cipitate of the composition AUN2HS.3H2O. In the dry state this 
explodes violently when warmed or when triturated Hence it is 
called "fulminating gold." 

Auric ion is quite unstable in the presence of oxidizable substances. 

* It has already been stated that gold is trivalent in the acid HjAuOCl,. This 
also becomes evident by applying the rule given in § 167. The sum of the valen- 
cies of the elements which can form elementary anions is five. Of this sum chlo- 
rine makes up three parts (compare I 198, footnote) and oxygen two (oxygen • 'A 
can form a bivalent anion, O"). The sum of the valencies of the elements which I'] 
form positive ions (hydrogen), and hence the valence of the complex ion, is two. 'A 
The difference gives three as the valence of gold. 

\i 
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Thus ferrous ion, stannous ion, zinc* copper, formaldehyde, oxa^^^^ 
acid, sulphurous acid and many other substances are oxidized t:^? 
auric ion with the separation of metallic gold* Especially chara^^' 
teristic is its behavior towards stannous ion. This is oxidized C^^o 
stannic ion, and a precipitate forms, the color of which varies fror'"^^ 
pink to reddish purple according to the concentrations of the soli^^*' 
tions used. Consequently the precipitate is called gold purple. Acn^^* 
cording to Zsigmandy it is a mixture of colloidal gold and coUoida^Mil 
stannic acid, which is formed from stannic ion by hydrolysis: 

Sn"" + 4H,0-Sn(OH), + 4H\ 

The reaction is very delicate, even in extremely dilute solutions 
because the coloration is sharply defined. By heating the gold solu 
tion and adding it to the stannous chloride the delicacy may 
increased* 

Another very delicate reaction takes place ( Vanino and Seemann 
when an alkaline solution of hydrogen peroxide is added to golc 
chloride solution. A black precipitate of gold forms and oxygen i 
evolved. If the solutions are extremely dilute a more or less dee^^l 
blue coloration results instead of the black precipitate. 

In the cold hydrogen sulphide precipitates black aurous sulphides 
while with a hot solution it yields a brown precipitate of metallic" 
gold. The reactions are formulated as follows: 

8AuCl3 + 9H3S + 4H,0 =4Au jSj+ 24HCI+ H,SO,, 

and 8AuCl3 + 3HjS + i2H,0 = 8Au + 24HCI + 3H,SO,, 

The precipitates dissolve in warm solutions of alkali polysulphides, 
forming suZphaurates containing the ion AuS^', (What are the 
equations for these reactions?) On acidifying these solutions the 
sulphide reprecipitates. Auric sulphide is not decomposed by acids, 
except aqua regia. 

The following in another characteristic of gold. It forms chloro- 
auric acid, HAuCl^, analogous with chloroplatinic acid, on dissolv- 
ing gold or gold sulphide in aqua regia and evaporating the solution. 
This dissociates into the ions H' and AuCl/, as is shown by the fact 
that the solution yields with silver nitrate a tawny precipitate of the 
composition AgAuCl,. If the precipitate is washed and dilute am- 
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xaonia is poured over it on the filter, the color changes to the dirty 
yellow of fulminating gold, and the filtrate yields a precipitate of 
silver chloride when acidified. 

Potassium cyanide gives a colorless solution with gold chloride. 
It contains the complex anion Au(CN)/. 

The ease with which gold compounds are reduced is also a charac- 
teristic property. Metallic gold is ductile. 

206. Molybdenum. Of the various states of oxidation of this 
element the properties of the oxygen compounds in which molyb- 
denum is hexivalent are of special analytical interest. They are 
formed by treating natural molybdenum compounds with oxidizing 
agents, as nitric acid or aqua regia. The trioxide, as well as the 
acids which are derived from it by taking up water are the most 
stable of the oxygen compounds. Molybdenum trioxide is soluble 
l>oth in acids and alkalies. In order to bring the calcined trioxide 
into solution it must be fused with alkali carbonate. 

By acidifying the solutions of a molybdate the white slightly soluble acid, 
^^ 3M0O4, is obtained. Molybdic acid dissolves in acids and in alkalies. Hence 
»t has amphoteric character. With phosphoric, arsenic and other acids molyb- 
^^num trioxide forms complex acids (consult Principles, p. 739). 

Solutions of alkali molybdates, containing the ion MoO/', give 

^v^ith acid solutions of phosphates (§ 127) or arsenates (§ 133) a 

-^Maracteristic yellow precipitate, but only when ammonium ion is 

^'^multaneously added, in accordance with the fact that ammonium 

^^ a component of the precipitate. 

Acid solutions of molybdic acid are reduced by reducing agents 

^s zinc, tin, ferrous ion, stannous ion, mercurous ion. At first a 

V^lue coloration results, and finally a brown coloration, characteristic 

of the trivalent form of molybdenum. 

Hydrogen sulphide precipitates brown trisulphide, M0S3, from 

a solution of molybdic acid. Here also a blue coloration is observed 

at first. 

The precipitation as sulphide is incomplete. The conditions are most favor- 
able for its precipitation when the filtrate from the fourth group is acidified. 
This is due to the fact that molybdenum trisulphide dissolves in ammonium 
sulphide, forming sulphomolybdate ion. The latter also forms when ammo- 
nium sulphide is mixed with a molybdate solution. The sulphid^ reprecipi- 
tates, however, on acidifying the solution (in accordance with the relations 
already taken up in § 24) . Acids slowly decompose molybdenum trisulphide. 

To transform the trisulphide into molybdic acid it is dried and 
heated in an inclined crucible with the cover off (roasted). In this 
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way the trioxide is formed. This latter is then dissolved in ammo- 
nia or alkali hydroxide, Molybdic acid is precipitated from thb 
solution by addition of an acid. 

Potassium suiphocymmie gives a yellow coloration with an arid 
soiutian of malybdic acid* The corresponding compound dissolves 
in ether to a red yellow solution, which changes to ^fucksim fdm 
cmiiact with air. By addition of a reducing agent, as zinc, ihiosul- 
phate or hydrogen sulphide, the reaction can be made much more 
distinct. The blue or brown solutions of the lower slates of oxida- 
tion also exhibit the same phenomenon, as would be expected from 
the effect of the reducing agents. Addition of ammonia or sodium 
phosphate will decolorize the solution, while acidification makes the 
color appear again. This reaction is characteristic of molybdenum 
compounds. 

In the reducing Jiame the borax bead is colored green to tw^ 
by molybdenum compounds. 
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207 p Selenium, like sulphur, forms two series of oxygen coni- 
pounds, the hydrates of which correspond to sulphurous and s^l- 
phuric acids. The properties of selenous and selenic add ha^^ 
greatest analytical importance* These acids bear the following t^' 
lation to one another. Selenic acid is formed from selenous a^^^ 
only by the action of strong oxidizing agents (chlorine, fusion ^'^^^ 
potassium nitrate). Accordingly hydrochloric acid transfoi'^^ 
selenic into selenous acid with evolution of chlorine. Indigo sc^^^' 
tion is decolorized by selenate ion in the presence of hydrogen 1^^^' 

This latter property is made use of to distinguish selenate ion fr'^^ 
sulphate ion. The tw^o ions agree in giving with barium ion a P^^*^"™ 
cipitate that is practically insoluble in dilute acids. H 

In acid solution selenous acid acts as an oxidizing agent towar:^^ 
sulphur dioxide, hydrogen sulphide, stannous ion and metals 1 — -^ 
zinc and iron. Selenous acid goes over into selenium in oxidiz^:^^--^^^ 
these substances. When the reaction proceeds quickly it forms 
red precipitate. With slower reactions selenium precipitates bla* 
The red, selenium is transformed into the black variety at higl^^' ^ 
temperatures. ^ 

Selenous acid oxidizes hydrogen sulphide to sulphur, which for J^^^ 
with selenium a bright yellow precipitate of variable compasUi-^^* 
The equation for this transformation is formulated as follows: 
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2ff + SeO," + 4H' + 2S'' = sHfi + 2S + Se. 

Under ordinary conditions, however, this is not the only reaction, 
but oxidation of hydrogen sulphide to sulphuric acid also takes place 
simultaneously. Hence the precipitate has a variable composition. 
The precipitate dissolves in potassium cyanide and in ammonium 
sulphide. 

In the reducing flame selenium compounds evolve an odor resem- 
bling that of decayed horse radish. 

The non-luminous bunsen flame is colored sky blue by selenium 
compounds. 

208. Tellurium is the analogue of selenium with respect to the 
composition and many other properties of its compounds. 

When ignited, tellurium burns with a bright blue flame to the 
dioxide, TeOj, which is rather insoluble in water. The correspond- 
ing hydrate, tellurous acid, HjTeO,, is formed by oxidizing tellu- 
rium with nitric acid. It is also rather insoluble and has ampho- 
teric character. 

Sulphur dioxide and other reducing agents reduce tellurous acid 
to tellurium, which separates as a black precipitate (compare § 207). 

When fused with potassium cyanide tellurium forms potassium tellurium 
cyanide. Tellurium reprecipitates from the solution of this salt, however, 
when it is left in contact with air (distinction from selenium). Concentrated 
sulphuric acid dissolves tellurium to a red purple solution. On diluting the 
solution tellurium precipitates as a black powder. Selenium on the other 
hand dissolves in concentrated sulphuric acid to a green solution and separates 
as a red powder on diluting the solution. 

I 
Telluric acid is formed from tellurous acid by the action of strong | 

oxidizing agents. It has more pronounced acid character than tel- 
lurous acid. Like selenic acid it acts as an oxidizing agent towards I 
hydrochloric acid. Tellurate ion is distinguished from selenate and 
sulphate ions by the fact that its barium salt is more readily soluble 
than barium selenate or sulphate. 

When freshly formed, telluric acid is quite soluble in water, but 
it dissolves slowly. The hydrate, HjTe0^.2H20, loses water when 
heated. The product obtained is much less soluble in acids and alka- 
lies. It does not consist of the anhydrous acid, H^TeO^, but con- 
tains the anhydride, TeO,, and the dioxide, TeO,, in quantities vary- 

h 
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ing with the conditions under which it is formed 

Gulbicr/ ■ -^ 

With a solution of telluric and tellurous acids hydrogen sulphide ^,-^^ "% 
forms a brown precipitate, soluble in ammonium sulphide. App^i 

rently the precipitate has not a constant composition (compare the i_^. ^i^ 

preceding paragraph). i . -^ 

209. Germamum. Owing to its limited distribution in nature the descfi] i 

tion of the most important analytical properties of the compounds Qtth^ 
element can be quickly disposed of. More detailed information wiU be fourji 
in a paper by CI Winkler,^ the discoverer of the element. 

The sulphide of germanium resembles the sulphides of antimony and aiseoic 
in its solubility relations. It may be distinguished from these sulphides by the 
fact that greater concentrations of hydrogen ion are required to decompose 
the anion of sulphogermanic acid, GeS,". 

GeS,''-f3H-GeS, + H,S. 
The sulphide is white and dissolves in water* Hence it is precipitated by 
hydrogen sulphide only when a large excess of hydrochloric or sulphuric aci^ 
is present. 

The disulphide can be tT^^isformed into dioxide by roasting and then bo^' 
itig down the product with nitric acid. The dioxide is while and dissolves ^^ 
water, acids and alkahes. 



p.^' 



GROUP IIL 

Hydroxides of the following metals may be contained in the p; 
cipitate thrown down with ammonia in the ordinary course of anaf 
sis; indium (§ 210), uranium (ij 211), beryllium [or glucinu 
(§ 212), zircanium (S 213), (iwrium (j 214), ytirium (j 215), ^^^^^ 
turn (ij 216), lanthanum (g 217), praseodymium and neodymiuf 
(jS 21S), niobium [orcolumbium] (§ 220), tantalum (J 221}, tilanlu 
(J 222} and gallium (§ 223). 






210. Indium occurs chiefly in zinc which is obtained from ceitain sii^ — ^^ 
blendes. It is separated from zinc by the action of dilute hydrochloric c:^ '^ 
sulphuric acid. Zinc alone will dissolve as long as any of it remains in cot^'^-^ |jg 
tact with the acid. In this way the percentage of indium incieases in tl*^ _ -^^ 
undisssolved portion. This latter is then brought into solution by the actio *=^^ 
of nitric acid. 

Ammonia precipitates indium ion as the hydroxide^ In(OH),. The pi 
cipitate is soluble in alkali hydroxide. Very important in connection with th-*^ 
separation of indium from accompanying ions is the precipitation of basic in*^ 
dium sulphite^ Ins(SOi)j + In,Oj-K8HiO, by boiling a solution containiti|t J 
indium ion with sodium hydrogen sulphite. 

Hydrogen sulphide precipitates yellow indium sulphide. With alkali suL^ 
phides the predpitate forms sulpho^salts. 

' Zt*ilS€hrift fur aQorgauifiche Cheiuie^ agi 34, l9oa< 
^ Journal tut praktiscbe Chemie* J4, t^'j, lSS6» 
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le blue violet color imparted to the bunsen flame by indium vapors is 
acteristic. In the spectrum this appears as two lines (compare the 
:ral table). 

[I. Uranium has a great diversity of combining ratios. Two 
>es of its compounds need be considered here, uranaus salts in 
:h it is quadrivalent, and uranyl compounds containing hexivalent 
dum. For analytical purposes the latter are more important, 
he term "uranyl " compounds is due to the fact that the solutions 
lese salts contain an oxygen cation, UO,". The term is se- 
rf from analogy with the ions bismuthyl, BiO*, and antimonyl, 
1*^ 

e corresponding hydroxide, UO,(OH)a (and also U(OH)e-UO,(OH)a 
[,0), accordingly acts as an acid, i. e. it forms the ions UO/' + 2H*. 
alkali hydroxide and ammonia react with solutions of uranyl salts, for 
nee uranyl nitrate, UOa(NO,)„ to form difficultly soluble uranates (for 
iple of the* composition Nsi^\J.fl^.6lifi). The relations between uranyl 
iranate ions are represented qualitatively by the equation : 

2U0;- +40H'?=fcU,0/' + 2H- + H,0. 

evident from the remarks already made in § 29 that the ratio between 
^1- (UO2") and uranate (UjO^") ions preponderates in favor of the latter 
caline solutions. 

f the typical reactions of uranyl salts the following deserve men- 
Concentrated solutions of uranyl ion give yellow precipitates 
solutions of alkali- and ammonium carbonates. These are sol- 
in an excess of carbonate. Sodium phosphate forms yellow 
e uranyl hydrogen phosphate, UOjHPO^. If ammonium and 
ite ions are also present, uranyl ammonium phosphate, VO^- 
,PO^, precipitates. 

ydrogen sulphide yields no precipitate of uranyl sulphide. Am- 
lum sulphide, however, precipitates brown uranyl sulphide, 
,S. The precipitate dissolves in dilute acids and also in solu 
J which contain carbonate ion. 

ydrogen peroxide solution gives a yellomsh white precipitate 
concentrated uranyl salt solutions. Dilute solutions of uranyl 
are also precipitated with hydrogen peroxide by adding ammo- 
to neutralize the hydrogen ion formed by the reaction. The 
position of the precipitate is not yet definitely known. It is 
ned to be UO^. The precipitate dissolves in ammonium carbo- 
and in dilute acids. With hydrogen peroxide the acid solutions 
the same reaction as dichromate ion (§ up). 
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For the separation of uranyl ion from third and fourth group ioiv^ 
the solubility of its difficultly soluble compound in ammonium c^^' 
bonate is of importance. 

Uranyl compounds and uranates are yellow. By the action ^^1 
reducing agents, as zinc, they are transformed into green salts, tr-*® 
solutions of which probably contain uranous ion. 

212* Beryllium, Of this element only salts are known, the so^ 
tions of which contain bivalent colorless ions. The properties of t^ 
ions Be" and BeO^'' resemble in many respects those of the ions 
trivalent aluminum compounds^ Al"* and AlO^'"* Therefore 
distinguishing characteristics of beryllium and aluminum ions miiJ 
be particularly emphasized* 

AlrkaUne solutiims of beryUium hydroxide are less stable than cor- 
responding solutions of aluminum hydroxide. This is shown by the 
fact that beryllium hydroxide separates from its alkaline solutions 
on long standing or by warming them. 

The phenomenon that the hydroxide at fiv^ dissolves and then separates 
again has the following explanation. Beryllium hydroxide exists in two dis- 
tinct states, each with its own properties' (Principles, p. 546) , The soluble 
modification forms when precipitation takes place quickly » i» e* when the 
supersatu ration with respect to beryUium hydroxide is high. It is, however^ 
unstable as compared with the hydroxide slowly separated from an alkaliiie 
solution, and hence passes voluntarily into the latter. 

Heat accelerates this alteration, which is also accompanied by a decrease 
of the total chcniical activity of beryllium hydroxide** This is shoi\*n by the 
fact that the re precipitated hydroxide is less soluble in alkali- and ammonium 
carbonate solutions than freshly precipitated hydroxide (which has not been 
brought into solution and then re precipitated) . It has also lost the property 
of readily absorbing carbon dioxide. The alteration not only takes place in 
alkaline solutions as above described, but also on drying freshly precipitated 
hydroxide or by heating it under water* ammonia or ammonium carbonate 
solutions. The phenomenon of an alteration of aluminum hydroxide is also 
known but it is by no means so pronounced as is the case with berythym 
hydroxide, 

A method devised by Havens* aims at a practically complete se|^^ 
ration of aluminum and beryllium ions. It is based upon the fact 
that hydraled aluminum chloride is practically insoluble in a mix- 
ture of concentrated hydrochloric acid and ether* Beryllium chlo- 
ride, on the other hand, is soluble in this mixture, 

*F. Haber and G, vwn Ordt. Zeitschrift filr anorgani!»che Chemie, 35^ 577 
1904. 
^Zeitschrift fur anonganische Cheniie. 16^ 15, 1898* 
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213. Zirconium is quadrivalent in its analytically important com- 
pounds. The soluble salts contain colorless quadrivalent zirconium 
ion. It is precipitated as hydroxide by alkali hydroxide, ammonia 
and ammonium sulphide. 

The hydroxide dissolves in acids. It is insoluble in an excess of alkali 
liydroxide, or at any rate dissolves to only a slight extent, corresponding to 
its weak acid properties. The properties of the precipitated hydroxide vary 
more or less with the conditions under which it is formed, analogous with 
the behavior of beryllium hydroxide. When precipitated from hot solutions 
it is much more difficultly soluble in acids. 

Alkali' and ammonium carbonate precipitate basic carbonate, 
easily soluble in an excess of the precipitant, especially in ammo- 
nium carbonate. Reprecipitation occurs on boiling this solution. 

Potassium sulphate separates zirconium ion as potassium zirco- 
nium sulphate. The precipitate is difficultly soluble in a solution of 
potassium sulphate (by reason of the influence of sulphate ion, § 
90). It dissolves to a noticeable extent in acids. Sodium sulphate 
yields no precipitate with zirconium ion. 

Oxalic acid forms a white precipitate of zirconium oxalate. It 
is much more soluble in hydrochloric acid, and particularly in am- 
monium oxalate, than in water, but is not more soluble in oxalic 
acid. 

Hence zirconium oxalate is not precipitated by strong acids from 
an ammonium oxalate solution (distinction from thorium oxalate). 

Hydrogen peroxide gives .a white precipitate with zirconium ion. 
When this precipitate is washed and dissolved in dilute sulphuric 
acid, the solution gives the same reaction with hydrogen peroxide 
as CrjO/'+2H' (compare § 119). 

A mixture of hydroxide and sulphur precipitates on boiling a zir- 
conium salt solution with thiosulphate, (Yttrium and didymium 
salts do not give this reaction.) 

Turmeric paper, moistened with the hydrochloric acid solution of 
a zirconium salt, assumes a bright red brown color when dried on 
a water-bath. Titanic acid interferes with this test, but the disturb- 
ing influence may be destroyed by reducing the titanic acid with 
zinc. 

According to Delafontaine* zirconium compounds are separated 
from thorium compounds by fusion with potassium hydrogen flu- 

*Marc Delafontaine, Chemical News, 75, 230, 1897. 
17 
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oridej KHF^, and extraction of the fused mass with water. Potas- 
sium zirconium fluoride^ KjZrF^, goes into solution. 

214, Thorium. The reactions of thorium ion resemble those of 

the ions of the allied metals^ zirconiumi and yttrium. 
' The kydf oxide is practically insoluble in water and in alkali by- 
. droxide, but dissolves in dilute acids. At higher temperatures it 
loses water and becomes less soluble. 

Thormm carbmiaie dissolves in alkali carbonate and is still more 
readily soluble in ammonium carbonate. 

Thorium ion yields a ditUcultly soluble double salt with potassium 
stdpkaie, but gives no insoluble compound with sodium sulphate. 

Thorium oxalate differs from zirconium oxalate in the fact thai 
it is precipitated by acids from its solution in ammonium- or alkali 
oxalate. This is probably due to a decrease in the concentration of 
oxalate ion by the action of hydrogen ion, which gives rise to undir 
sociated oxalic acid. The oxalate ion ser\^ed to keep thorium oxa- 
late in solution as a complex ion. Corresponding to its proportion- 
ately lower dissociation acetic acid is less active in this respect than 
the stronger acids. 

The precipitalion of thorium ion by boiling' a thorium solution 
one to two minutes with a solution of potassium azoimide, N^K 
(Principles, p. 346), is very important in connection with the sepa- 
ration of thorium from the ions of other rare elements. The reac- 
tion resembles that of the hydrolysis of ferric acetate, and is ex- 
pressed by the equation : 

Th"' + 4N3' + 4H,0-ThfOH), + 4N,H. 



Cerium, lanthanum and didymium ions give precipitates with this 
reagent on longer boiling, while zirconium and yttrium ions are 
quantitatively precipitated in the cold,^ 

When healed with ihiostdphate^ thorium ion behaves like zirco* 
nium ion. It differs from the latter, however, by forming a white 
precipitate with fluoride ion (§ 213)- 

Thorium salt solutions yield a white precipitate with hydrogen 
peroxide, A solution of this precipitate in dilute sulphuric acid 
gives the hydrogen peroxide reaction (S 119). 

* Dennis and Cortright^ Zeitschrift fur anorga.msche Chemie. 6, %t, 1894; also 
r3, 413, 1897 (Dennis.). 

'Curtiuft and Darapsky, Journal fur praktiscbe Chemie, 6i| 41 a. 1901. 
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These relations indicate that here and also in the cases mentioned in {{ 
21 1 and 213, peroxides do not come in question in the sense of peroxides like 
those of lead or manganese, but that the precipitates are difficultly soluble salts 
of hydrogen peroxide. 

For those who desire more detailed information concerning thorium and 
the related elements, the following references to the. literature will be found 
very serviceable. 

On the separation of thorium and cerium salts consult E. Hintz and H. 
Weber, Zeitschr. f. analyt. Chem., 36, 676, 1897; also E. Hintz, Zeitschr. f. 
analjrt. Chem., 37, 94, 1898, *' Investigation of commercial incandescent 
mantles." 

On the precipitation of thorium and zirconium ions as basic salts of organic 
acids, see Haber, Monatshefte flir Chemie, 18, 687, 1897. 

On the preparation of pure thorium compounds see Muthmann and Bdhm, 
Berichte d. d. chem. Gesellschaft, 33, 42, 1900; also Muthmann and Baur, 
loc. cit., 2028. 

On the analysis of monazite consult Drossbach, Zeitschr. f. angewandte 
Chemie, 14, 655, 1901. 

[Consult further R. Bohm, Die Darstellung der seltenen Erden, 2 vols., 
1905. 

A complete list of the papers that have appeared concerning cerite and 
yttria earths and thorium is contained in the ** Bibliographic der seltenen 
Erden," by R. J. Meyer, 1905, Zeitschr. f. anorganische Chemie.] 

215, Yttrium, The properties of yttrium compounds resemble 
those of the compounds of thorium and zirconium. Consequently 
only the distinguishing properties need be mentioned here. 

With alkali hydroxide and tartrate ion yttrium ion yields a pre- 
cipitate of yttrium tartrate. Thorium and zirconium ions are not 
precipitated by alkali hydroxide in the presence of tartrate ion. 

The double salt of yttrium with potassium sulphate is more read- 
ily soluble in a solution of alkali sulphate than in water. In hydro- 
chloric acid the oxalate is scarcely soluble. It is a little soluble in 
ammonium^ oxalate. Fluoride ion also yields a precipitate with 
yttrium ion (compare §§213 and 214), 

Yttrium compounds are very often accompanied by the compounds of other 
elements, the separation of which has not yet been satisfactorily carried out. 
Collectively these are termed erbium compounds. 

The reactions of the soluble erbium compounds resemble very closely those 
of yttrium ion. They may be distinguished by the fact that these solutions 
absorb certain definite light rays. The precipitate of yttrium oxalate is col- 
ored light red in case it contains erbium oxalate. 

A method proposed by Muthmann and Bohm* to separate yttrium 
ion from the ions of accompanying elements, is based upon the frac- 
tional precipitation of the chromates. 

*Ber. d. d. chem. Gesellschaft, 33, 42. 1900. 
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According to XJrbain^ a separation of the yttria earths may be 
based upon the solubility relations of the ethyl sulphates, 

2 1 6, Cerium forms a colorless cerous ion and an orange red cerk 
ion, corresponding to its tri- and quadrivalent states respectiveiv. 
These have the following relation to one another. In neutral of 
acid solutions cerous ion is more stable than eerie ion> while tbe 
reverse is the case in alkaline solutions. 

Accordingly cerous imi is only a weak reducing agent in nmtrd 
or acid solutions* It may be oxidized, however, by strong oxidizing 
agents, as MnO/ + 8H\ Ceric ion is correspondingly an excellent 
oxidizing agent (for example towards sulphur dioxide and hydro- 
chloric acid). In alkaline solutions the relations are different, for 
cerotis hydroxide goes over into cerir hydroxide by tlie action of 
atmospheric oxygen under these conditions. 

Alkali hydroxide, ammonia and ammonium sulphide precipitate 
cerous ion as while hydroxide^ easily soluble in acids, practically 
insoluble in alkali hydroxide. 

Alkali- and ammonium car bona te precipitate white carbamtte. 
The precipitate is scarcely soluble in an excess of ammonium car- 
bonate (distinction from beryllium-, thorium- and zirconium carbo- 
nates). 

No cerous hydroxide is precipitated by heating a solution of 
cerous salt with sodium ihiosi4lphati\ This behavior serves to dis- 
tinguish cerium from thorium salts,' and a method of separating 
these ions is based upon it. The fact that cerous oxalate is very 
much less soluble than thorium oxalate in a solution of ammonium 
oxalate^ afiFords another method of separation. 

With potassium sulphate cerous ion yields a difficultly soluble salt 
of the composition K3Ce(SOj3. The salt is practically insoluble 
in an excess of potassium sulphate. 

The behavior of cerous ion towards hydrogeti peroxide is espe* 
cially characteristic on account of the great delicacy of this reaction. 
Neutral solutions (or acid solutions containing acetate ion) give 
with hydrogen peroxide a reddish yellow coloration or a precipitate 
having the color of ferric hydroxide. The precipitation is made 
more complete by the addition of ammonia. In place of hydrogen 

^Comptes rendti^, 1^6, 835, i8q8. 

'E. HintK and H, Weber, Zettschr. f. analyt. Chem,, j6t ^7^. i^7i also 37^ 94, 
iS^ (Hinu). Compare { 3ta. 
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peroxide a solution of sodium peroxide in ice water may also be 
used.* The brown precipitate dissolves in dilute acids, and this 
solution also gives the hydrogen peroxide reaction (compare § 119). 

Cerous ion is transformed into eerie ion by boiling the solution 
with nitric acid and lead peroxide. The color changes to yellow 
(distinction from the ions of the related elements, lanthanum and 
didymium). 

In the oxidizing flame cerium salts impart a red color to the phos- 
phor salt bead. 

217. Lanthantun forms a colorless trivalent ion. It differs from 
cerous ion in being non-oxidizable, but in other respects resembles 
it closely. 

In addition to its stability towards oxidizing agents the solubility 
relations of the sulphate and the behavior of basic lanthanum acetate 
towards iodine are characteristic. The solubility of lanthanum sul- 
phate decreases with rising temperature. At 100° C. it is ten times 
less soluble than at 0° C. (according to Muthmann and Rolig). 
Hence a large portion of the dissolved salt will separate on evapo- 
rating the solution. 100 parts of water dissolve 3 g. at 0° C, and 
atioo^C. o.3g. La3(SO,)3. 

Basic lanthanum acetate is obtained by precipitating with ammo- 
nia a lanthanum salt solution which contains acetate ion. It gives 
a reddish blue coloration, resembling that imparted to starch paste 
by iodine, when small pieces of solid iodine are strewn over the sur- 
face. The color may be seen still more distinctly by bringing a drop | 
of an iodine solution in contact with the surface of the lanthanum ^j 
solution. The reaction is, however, not specially delicate.' 

The insolubility of ammonium lanthanum nitrate, La (NO 5)2+ 
2NH^N05-f-4H20 is of considerable importance in connection with \: 

the separation of lanthanum ion from the ions of the related metals.' j;^ 

With hydrogen peroxide lanthanum ion yields a white amorphous ii- 

precipitate on addition of ammonia or alkali hydroxide. This has | 

the composition La205, according to Melikoff and Pissarjewsky.^ | 

Its solution in dilute sulphuric acid gives the hydrogen peroxide 
reaction. 

*Mengel, Zeitschr. f. anorganische Chemie, 19, 67, 1898. 

'H. Behrens, Archiv. Neerland sc. exact et nat. (2), 6, 67, 1902. Chem. Cen- 
tralbl., 1902, I, 296. This reaction has also been closely investigated by W 
Biltz and I. Behre, Ber. d. d. chem. Gesellschaft, 37, 719, 1904. 

•v. Scheele, Ber. d. d. chera. Gesellschaft, 32, 409, 1899. 

*Zeitschr. f. anorganische Chemie, 21, 70, 1899. 
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Muthmann and Rolig^ base a method of separating lanthanum ion 
from the ions of praseodymium and neodymium upon the precipita- 
tion of the two latter from a neutral solution by means of magnesia. 

218. Praseodymium and neodymitmi were regarded as a single 

element, didymium, for a long time. They resemble cerium and 
lanthanum closely. Their soluble salts have characteristic absorp- 
tion spectra,^ by means of which they may be identified. Neody- 
mium shows bands in yellow and green, praseodymium in blue and 
violet For the separation of the ions of these elements consult the 
papers of Auer, v, Welsbach.* Schottlander {see 5 2ig) and v, 
Scheele (§ 217). 

219. Me th ods of separating the ions of thecerite metals/ Auer 
V. Welsbach^ has devised a method of separating cerium salts from 
those of lanthanum and didymium/ If the oxides obtained from 
the cxalates are heated in air, the oxide of cerium goes over into the 
dioxide. The separation is based upon the weak basic properties of 
cerium dioxide. When a mixture of these oxides is treated with 
concentrated nitric acid {1:1), cerium dioxide forms basic eerie 
nitrate, scarcely soluble, while lanthanum and didymium oxides go 
into solution. To prepare the pure cerium salt basic nitrate is 
dissolved in concentrated nitric acid^ and a concentrated solution of 
ammonium nitrate is added to this solution, - Cerium ammonium 
nitrate J (NHj3Ce(N03)^-f xH^O separates in purple red crystals 
on evaporating the solution. 

The filtrate from the cerium precipitation contains chiefly ions of 
lanthanum and didymium. By adding ammonium oxalate a precipi- 
tate of the oxalates is obtained* These are then transformed into 
the oxides by heating them to redness. One half of the oxides is 
dissolved in dilute nitric acid and into this solution the other half is 
stirred. The mixture of oxides reacts with the nitrate solution, pro- 
ducing an increase of the lanthanum ion in the solution and an in- 
crease of the basic didymium nitrate in the precipitate. The color 

i 

^Ber. d. d, chem. Gesellschaft, 31, 1721. 1899. 

^Brauner, Proc. of the Royal Soc. Landont 1 897-91, 70. 

*Monatshefte i. Cheniie* 6^ 477. 1S96. 

[*For genera] information on tht' nn^tbodn of iepoi^tion consult ft, Bohm, Die 
Darstellung der sellenen Erden.] 

"^ Wiener Monatshcftc, 5, 50S. 1884^ 

•The term '* didymium"' always refers to the two componentt, neodymitim aod 
praseodymium {compare f a 18). 
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of the thin paste goes over simultaneously from a deep brown to a 
dirty pale reddish tint. Repetition of this same process with the 
liquid and solid phases effects a separation of the compounds of these 
elements that suffices most purposes. 

Schoitidnder^ gives valuable details concerning the carrying out 
of the separation, 

O, iV, yVitt and W^*, TheeP have adopted v. Knorres** recommcn- 
'dation to use ammonium persulphate as an oxidizing agent for sepa- 
rating cerous ion from praseodymium. The Jatter is precipitated 
with cerous nitrate by the method given by v. Scheele (f 217). The 
nitrate solution of these metals is heated with ammonium persul- 
phate, the resulting acid being neutralized with sodium carbonate 
solution. Ceric ion is formed and precipitates under these condi- 
tions as basic sulphate or nitrate. 

According to Meyer and Marckwald^ basic ceric sulphate is dis- 
solved in ten times its weight of concentrated nitric acid (specific 
gravity 1.4). With this is mixed one and a half times as much con- 
centrated ammonium nitrate solution. Cerium ammonium nitrate 
crystallizes out, as has been already mentioned. The precipitate is 
purified, if necessary, by crystallization from concentrated nitric 
acid. 

220. Niobitmi. The compounds of this element vary consider- 
ably in their properties from compounds of the elements phosphorus, 
arsenic and antimony, which are, nevertheless, related to niobium in 
certain respects. 

Niobium pentoxide is also called niobic acid in accordance with its 
more pronounced acid characteristics. Its solubility relations are 
complicated and are not yet satisfactorily explained. The longer 
the acid is exposed to high temperatures the less reactive it becomes* 

The different means of transforming niobic pentoxide into soluble 
compounds are the following, arranged in decreasing order of effec- 
tiveness: fusion with potassium hydroxide, potassium carbonate or 
potassium hydrosulphate, heating with concentrated sulphuric acid* 

Niobic acid separates from acid solutions on diluting and boiling 
them, and from alkaline solutions upon acidification. When freshly 

'Ber. d. d. chtm. Gesell^haft. ag, 378, 1807. 
*Bff-. d. d* chem. Gesellschalt. 33, 1315, l<iOo- 
'Zeitschr. f. angewandteChrmir. iO| 719. 18^7. 
*BeT. d. d. Chenj, Ge^dlschaftp 33 ♦ 3003, igoo. 
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precipitated it dissolves in strong acids and in potassium hydroxide. 

Sodium hydroxide does not have a solvent action upon it, owing to 
the fact that the sodium salts of polyniobic acids are difficultly solu- 
ble in water. The general formula of these acids is: 

mHjNbO^-nH^O (where n<fm). 
Examples are the acids HgNbgOj^.H^jNb^Oig, H^Nb,0^, etc. 

Niobic acid is more readily soluble in hydrofluoric than in hydro* 
chloric acid. The fluoride forms a readily soluble double salt with 
potassium fluoride of the composition 2KF.NbF5, and also 2KF. 
NbOF,. The corresponding salts of tantalum are much more dijfi' 
Cidily soluble. Hence a separation of the compounds of these two 
elements can be effected by this means. 

Another difference between the properties of niobic acid and those 
of the closely related tantalic acid (§ 221) consists in the fact that 
acid solutions of niobic acid yield deep blue and brown colorations 
upon reduction, and give corresponding precipitates on standing. 
Solutions of tantalic acid do not change color when reduced with 
zinc. 

Niobic acid dissolves in the phosphor salt bead and imparts in the 
reducing flame a violet, blue or brown color^ according to the quan- 
tity present. By adding ferrous sulphate the color is changed to 
red. 

The lower oxidation forms, NbO and NbO^, have but little ana- 
lytical importance, 

221* Tantalum. The compounds of tantalum are very similar to 
those of niobium. Hence a reference to the preceding paragraph 
suffices for the general description., and only the more striking dis- 
tinctions need be mentioned here. 

Tantaik penioxMe is still less soluble than the corresponding 
niobic pcntoxide. Hence calcined or natural tantalic acid is moe, 
readily brought into solution by fusion with potassium hydroxidst 
Sodium hydroxide may also be used for this purpose, but is less 
satisfactory, since sodium tantalate is difficultly soluble in w-ater. 

The volatility of tantalic acid when heated with ammonium fluor- 
ide affords another means of removing tantalum pentoxide from a 
given mixture. 

Precipitated tantalic acid dissolves in potassium hydroxide, hydro- 
chloric acid, hydrofluoric acid and concentrated sulphuric acid. It 
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is only very sparingly soluble in dilute sulphuric acid. Thus tanta- 
lates are decomposed by dilute sulphuric acid with separation of 
sparingly soluble tantalum sulphate and tantalic acid. 

Niobic and tantalic acids are precipitated by ammonia, even from 
a fluoride solution. Hence the third group precipitate must also be 
tested for these compounds. 

A solution of tantalic acid in hydrofluoric acid yields with potas- 
sium fluoride a precipitate of the composition 2KF.TaF5. A basic 
salt separates on heating. The corresponding fluoride of niobium 
is much more readily soluble. 

An acidified solution of a tantalate gives a yellow precipitate with 
tannic acid, while a niobate yields an orange red precipitate under 
similar conditions. Tantalic acid is readily soluble in the phosphor 
salt bead, but imparts no characteristic color to it. 

222. Titanitun. Compounds of this element are rather widely 
distributed in nature, but are found usually in small quantities. It 
occurs particularly as titanium dioxide, TiOj, corresponding to the 
quadrivalent oxidation form. The lower and higher forms are of 
lesser importance and hence need only be mentioned. 

A knowledge of the solubility relations of the dioxide and the 
corresponding hydrates, and their behavior towards different sub- 
stances used to bring them into solution, is of special analytical 
importance. Natural compounds which contain the dioxide, or the 
calcined dioxide, are transposed by long continued fusion with so- 
dium carbonate or potassium hydrosulphate into compounds which 
dissolve either in water or in hydrochloric acid. Concentrated sul- 
phuric acid and hydrofluoric acid are also very active as solvents. 
Since titanium fluoride is volatile, sulphuric acid is added to hydro- 
fluoric acid in the latter case to limit the loss of titanium compounds. 

The complicated solubility relations of the hydrates of titanic acid are not 
very satisfactorily explained as yet. To the effects of acids and bases, caused 
by the amphoteric character, are added also the characteristics of colloids 
(§ 77) and the Variation in the properties of the hydrates on long standing 
or by warming (§ 212). The freshly precipitated and washed hydrate (pre- 
cipitated, for example, from acid solutions by alkali hydroxide, ammonia or 
ammonium sulphide) is soluble in very dilute acids. Corresponding to its 
weak acid nature the precipitated acid is but little soluble in an excess of 
alkali hydroxide. 

Solutions which contain titanium as a cation, for instance, those 
obtained by dissolving freshly precipitated hydroxide in acids, are 
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rather unstable. On diluting such a solution with water aod boil- 
ing, a precipitate of titanic acid forms. This separation is made 
complete by adding sodium acetate, as a consequence of the reaction 
mentioned in g 38, (1)* Since the precipitation takes place from 
a hot solution a less soluble form of the acid results. The wash 
water must be weakly acidified to avoid dissolving the precipitate 
during the washing operation. 

Solutions of titanium salts are precipitated by sadium phosphate 
and by sodium ikiostdphak as basic titanium phosphate and titanic 
acid respectively. 

With a solution of tUnnic acid in hydrofluoric acid^ potassium 
fluoride forms a salt of the composition K^TiF^j, analogous with a 
fluosilicate. The salt is rather difficultly soluble* 

In its properties titanic add is quite closely related to niobic, tan- 
ialic and silicic acids. Hence it is important to know the properties 
which permit these acids to be separated or distinguished. 

.^ftcr fusion with potassium hydrosulphatc and extraction of the 
fused mass with cold water, tantalic acid remains undissolved. The 
qualitative test for niobic acid takes advantage of the solubility of 
potassium niobate, which is obtained by fusing niobic acid with 
potassium hydroxide in a silver crucible. Potassium titanate is 
much less soluble. 

Titanic acid is distinguished from siiicic acid by the volatility 
of silicon tetrafluoride, formed on heating with hydrofluoric and 
sulphuric acids. Titanic acid remains behind (compare the second 
section of § 222). 

Zinc and tin reduce acidified solutions of titanium salts, giving 
rise to violet and blue colorations respectively. These colors are 
characteristic of trivalent titanium salts. Alkali hydroxide precipi- 
tates from the colored solution a corresponding blue hydroxide. In 
contact with air, however, it is oxidked to titanic acid. 

A particularly delicate test for iiianium salts is afforded by adding 
hydrogen peroxide to their slightly acidified solutions, A yellow to 
orange coloration results, and on further addition of alkali hydrox- 
ide^ ammonia or ammonium carbonate, a correspondingly colored 
precipitate forms, which goes into solution again on increasing the 
amounts of the last named substances** 

* Classetit Melhod of separating titanium and irtrn salts* Ber, d, d, chein. Ges^l- 
schaft. aip 370< 1888. 




THE RARE ELEBiENTS. 267 

In the reducing flame solid titanium compounds impart a yellow 
color to the phosphor salt bead. The color passes over to violet in 
the cold. By dissolving some ferrous sulphate in the bead the color 
becomes brown or red. 

223. Gallium. This very rare element forms hi- and trivalent compounds. 
The latter are more important. 

In its properties gallium ion resembles aluminum ion. The hydroxide dis- 
solves in an excess of alkali hydroxide or ammonia, and also in acids. On 
account of the latter property a dilute solution of ammonium acetate, acidified 
with acetic acid, is used to precipitate gallium ion completely. This is effected 
if the concentration of acetate is not made too high. 

Hydrogen sulphide precipitates white gallium sulphide in the presence of 
acetate ion. It is likewise precipitated by ammonium sulphide. Zinc does not 
reduce gallium ion in acid solutions. This property is utilized to separate 
gallium from other cations which are precipitated by this means. A test 
for gallium ion which is particularly characteristic and delicate is its behavior 
towards alkali ferrocyanides. With these it gives a precipitate from neutral 
or acid solutions. 

At very high temperatures the chloride emits a characteristic violet light. 
To carry out the experiment an electric arc is formed between two carbon 
electrodes which are dipped in a solution of the chloride. 

GROUP IV. 

224. Tungsten. The most important and the most stable com- 
bining form of this element is the one from which the trioxide is 
derived. Compounds corresponding to the dioxide have very little 
importance in analysis, since hydrated forms of the trioxide, tung- 
stic acids, are always obtained on working up the natural com- 
pounds. 

Tungstic acids of the composition H^WOs (white) and H,WO^ 
(yellow) have amphoteric characteristics (§ 42). Their acid prop- 
erties are more pronounced than the basic. Thus they dissolve 
readily in alkali hydroxide and ammonia. In strong acids they dis- 
solve to a slight extent and in weak acids are practically insoluble. 
Hence weak acids are good precipitants of tungstic acid from solu- 
tions of tungstates. 

In addition to the salts of these two acids there are also the so-called meta- 
tungstates.* They are formed by boiling solutions of tungstates with the 

*The prefix "meta" is used in chemistry to denote rather variable characteristics. 
In inorganic chemistry it often serves to distinguish certain compounds from others, 
generally designated as ortho-compoimds, in cases where a distinctly perceptible 
difference in properties accompanies slight differences in composition (usually a smaller 
content of water). 
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trioxsde. Their solutions are characterised by a greater stability towauls 
acids They separate tungstic acid only on long continued boiling; 

It is to be noted that tungstic acid easily forms colloidal solutions unless it 
little acid is added to the water with which it is in contact. 

The trioxidc is a yellow powder formed from the two hydrates at 
higher temperatures. It has solubility relations similar to those o£ 
the hydrates, but is rather less soluble* Fusion with alkali carbo- 
nate changes the irioxide Lnto soluble tungstate: 

W03+Na,CO, = Na,WO,+ CO,. 

Similarly a tungstate is formed by fusing it with potassium hydro- 
sulphate, sulphur trioxide being simultaneously evolved. 

On extracting the fused mass with water undecomposed sulphate 
dissolves first The tungstate is less soluble in a sulphate solutioDj 
but dissolves in water after removal of the sulphate. Under similar 
treatment titanic acid goes at once into solution. 

The solubility of tungstic acids in ammonia distinguishes them 
from silicic acids. 
The following reactions are characteristic for tungstate ions. 
Ferrous sttlphaie separates a brown precipitate of dioxide. The 
behavior of tungsten dioxide towards acids distinguishes tungstates 
from molybdates. Tungsten dioxide is nal turned blue by acids, 
Sinnnotis chloride gives a yellow precipitate with the solution of a 
tungstate. It becomes blue on adding hydrochloric or sulphuric 
acid and warming. The reaction is a very delicate test for tung- 
sten, in case other acids which give a blue coloration when reduced j 
are not present. 

The same phenomenon is also obtained by using other reducing 
agents, as zinc or tin + acid. The blue compound corresponds to 
quinquivalent tungsten. It is transformed into a brown quadri* 
valent compound on long continued action of a reducing agent- 
Tungsten compounds are not precipitated in the fourth group in 
the ordinary course of analysis, owing to the formation of a sulpho- 
tungstate ion, WS^, From solutions of sulphotungstates, however, 
tungsten trisulphide is precipitated by acidification with hydrochloric 
acid ( i, e, in the filtrate from the fourth group). It is probably 
owing to the low concentrations of tungsten ion (Wo"'*") in solu- 
tions acidulated with strong acids that tungsten trisulphide is not 
precipitated by hydrogen sulphide. This behavior accords with the 
weaker basic character of tungstic acid (see above). 
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In the reducing flame tungsten compounds color the phosphor salt 
bead blue. The color becomes blood red upon addition of ferrous 
salts. 

225. Vanadium. The compounds of this element are analogous 
to those of the quinquivalent elements phosphorus and arsenic. As 
is the case with these latter elements, five different combining forms 
are also known for vanadium. For the most part only the highest 
forms, the pentoxide and the different vanadic acids derived from it, 
need be considered here. 

The properties of vanadic pentoxide vary with the different 
methods of preparing it. Thus the color may be brown to red. It is 
rather difficultly soluble in water, but dissolves both in acids and 
alkalies. In acid solution, however, the compounds derived from 
the pentoxide are less stable. This is shown by an evolution of 
chlorine on dissolving the pentoxide in hydrochloric acid. 

Vanadate solutions may be prepared by dissolving the pentoxide in alkali 
hydroxide. The dissociation relations of these solutions are quite compli- 
cated, in agreement with their behavior. The relations existing between chro- 
mate ion and dichromate ion, mentioned in § 98, are repeated in this case, 
only with greater complications. Accordingly the properties of vanadate 
solutions depend expressly upon the reaction towards litmus, i. e. upon the 
concentration of hydrogen- or hydroxyl ion. Metavanadate ion, VO,',* is 
stable in neutral solution, that is, it exists in comparatively high concentra- 
tions in such a solution. Addition of alkali hydroxide transposes it to the 
colorless pyrovanadate iok, VgO^"", while acids change it into condensed 
vanadate ions, VeO,,"" or HVgO„'". These transformations are indicated 
by the following equations, which bring forth the effect produced upon the 
transposition of the different ions by adding bases or acids. 

2VO/ + 20H'*HtV,0/'" + HaO (i), f, 

6VO,' + 2H;=>V,0,/'" + H,0 (2). j 

and 6V03' + 3H?=^HV,0,/"-fH,0 (3). j 

The following are the most important distinguishing tests for i 

vanadium compounds. With ammonium ion a soluble vanadate \ 

yields difficuldy soluble ammonium vanadate. As a rule solid am- ' j 

monium chloride is added to the vanadate solution in carrying out 
the experiment. 

* Metavanadate ion has not the simple formula ascribed to it here. From the 
experiments of DuUberg, 2^itschr. f. physikalische Chemie, 45, 129, 1903, it is pro- 
bable that metavanadate solutions contain an ion of the composition VO,'. 
For the sake of simplicity, however, these relations are left out of the above equa- 
tions. 
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In ihe presence of hydrogen ion vanadate solutions jield a charac- 
teristic red brown color with hydrogen peroxide. The color vanishes 
on adding an excess of peroxide, 

Rtdming agents^ as zinc, hydrogen sulphide* sulphurous acid and 
oxalic acid, reduce acidified solutions to compounds of the quadri-, 
tri- and bivalent forms.' These have respectively green, blue and 
violet colors. 

Hydrogen sulphide does not precipitate a sulphur compound. 
Addition of ammonium sulphide gives rjse to ^ sulpho-ioHt from 
which the pcntasulphide separates when the solution is acidified. 
Nitric acid oxidizes the pentasuiphide to vanadic acid. 

Vanadium compounds impart a green color to the phosphor salt 
bead in the reducing flame, 

GROtTP VI. 

226* The ions of the sixth group. The ions which have to be 
mentioned here agree with the ions of the alkali metals in forming 
salts which are for the most part easily soluble in water. Accord- 
ingly their compounds occur to very slight extent as solids in nature. 
They are found in limited quantities in certain mineral springs and 
in salt deposits. 

227, Lithium forms only a univalent colorless ion, which re- 
sembles the ions of the alkali earth metals in certain properties. 
Thus it >ields a difficultly soluble carbonate and phosphate. 

The carbonate is precipitated when a solutiorT of lithium chloride 
is mixed with a solution of alkali carbonate. Heating the solution 
favors the precipitation. The solubility of the carbonate decreases 
as the temperature is increased- At 100° C. only half as much dis- 
solves as at lo^^C, 

The solubility of lithium carbonate is influeTiced by alkali iialis (chloride, 
nitmtCt sulphate, acetate, hydroxide) and especially by animonium salts. 
When these are present it is much mare readily soluble.' Hence the insolu* 
bility of the carbonate does not afford a satisfactory test for lithium ion, for 
its precipitation by alkali carbonate is less complete and therefore the reac- 
tion is a less delicate test if one of these salts is present, 

A far better test is the precipitation as difficuldy soluble lithium 
phosphate f Li^PO^. To neutralize the hydrogen ion formed on pre- 

* For the relictions of vanadous compounds consult A* Pkcini aod L. Marino, Zeit- 
»chr, i. anorgimische Chemien 3^1 6S, igoa* 

*G. G«^cken, 2ettscbr. L Knorgani^he Chemit^p 45, ig?, i905« 
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cipitating with disodium hydrogen phosphate a little ammonia is 
added until the solution has a slight alkaline reaction. Otherwise 
the precipitation would be incomplete, as lithium phosphate is solu- 
ble in acids. 

Another characteristic test for lithium salts is the carmine red 
light emitted by heating them to redness. 

The prism mentioned in § 106 is used to identify lithium in the presence 
of potassium and sodium salts. The light emitted from sodium compounds 
is absorbed by very thin layers of indigo solution. From potassium salts the 
light appears sky blue, violet and finally carmine red through very thick lay- 
ers of the indigo solution. Lithium salts emit carmine red light. It is distin- 
guished from potassium, however, by the fact that the intensity significantly 
decreases from the thinner to the thicker end of the prism. 

The solubility of lithium chloride in a mixture of alcohol and 
ether is used to separate lithium salts from the alkali salts. Alkali 
chlorides are practically insoluble in this mixture. Salts other than 
the chlorides are transposed by evaporating them to dryness with 
concentrated hydrochloric acid. 

To transform the sulphate into the chloride, however, another method must 
be used, since sulphuric acid is much less volatile than hydrochloric acid. In 
consequence sulphate would always be left behind on heating with hydro- 
chloric acid. 

The sulphate ion is precipitated with lead acetate. From the filtrate (which 
contains the ions Li*, C^HjO/ and Pb") lead ion is removed by means of 
hydrogen sulphide. Then the acetate solution is evaporated with hydro- 
chloric acid. 

To separate lithium- from potassium ion the latter is precipitated 
with chloroplatinic acid. In the filtrate the excess of chloroplatinic 
acid is reduced by heating the solution with oxalic acid. The latter 
is then destroyed by evaporating the solution to dryness and heating 
the evaporation residue to redness. Finally the residue is extracted 
with very dilute hydrochloric acid. With this solution the lithium 
test is made. 

Magnesium ion may be removed according to § loi. Likewise 
the barium ion, which is introduced into the solution with baryta, 
may also be precipitated as carbonate, since lithium carbonate does 
not precipitate when an excess of carbonate ion is present. 

228. Rubidium and caesitun. The compounds of these metals 
are very similar to those of potassium. This is shown, for example, 
by the fact that their ions are univalent and colorless and are pre- 
cipitated by the anions PtCl/', HC^H.O/ and CIO/, which yield 
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difficultly soluble potassium compounds. The following are the 
quantitative differences in the solubility of these compounds. The 
solubility products decrease for the chloroplatinates and increase for 
the hydrogen tartrates in the order of increasing combining weights: 
K, Rb, Cs. 

The double salts of rubidium and caesium analogous with potas- 
sium aluminum sulphate show a still more pronounced decrease of 
solubility than the chloroplatinates. Hence by fractional cr}'stalli- 
zation of a mixture of these alums the individual salts can be ob- 
tained approximately pure. The greater solubility of the double 
sulphates as compared with the solubility of the chloroplatinates, 
however, limits the application of this method in cases where it is 
desired to separate caesium ion as completely as possible. 

The insolubility of a double salt of caesium chloride with anti- 
mony trichloride, SbCl3.6CsCl, in concentrated hydrochloric acid^ 
affords a separation of caesium- and rubidium ions. The method 
has the further advantage that it is easy to obtain the caesium chlo- 
ride from the double salt owing to its decomposition by water. An- 
timony chloride is hydrolyzed and separates antimonic acid. Any 
antimonous ion left in the solution is then precipitated by hydrogen 
sulphide. 

A further distinction is afforded by the behavior of the carbonates 
towards alcohol. Caesium carbonate dissolves in alcohol, while 
rubidium carbonate is practically insoluble. 

The spectroscope (§ 107) is used in qualitative tests for these 
elements, since their volatile compounds emit light of very charac- 
teristic color. The rubidium flame has several characteristic bands, 
two in red and two in violet, while the caesium flame has two bands 
in light blue (compare the spectral table). 

'The insolubility of caesium antimony chloride is also sometimes used to detect 
very small quantities of antimony ion; consult Denig^s, Comptes rendus, 133, 688, 
1901. 
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TABLE I. TESTS FOR CATIONS. 

GROUP I. Reagent: Dilute hydrochloric acid (§ 5). 

The precipitate may consist of: AgCl, HgCl, PbClj (compare also 
§ i8). Upon extraction with hot water (§ 7): 

PbCl, goes into solu- AgCl and HgCl are practically insoluble in hot 

tion: The solution yields water. This residue is treated with ammonia 

a white precipitate of (§7): 

PbS04 with dilute sui- AgCl goes into solu- In case the residue is 

fhuric acid or an alkali tion. Upon acidification turned black with am- 

sulphale solution (SO/')* this solution yields a monia, it contains HgCl. 

For the reactions of Pb" white precipitate of For the reactions of Hg* 

consult § 14. AgCl. For the reactions consult § 17. 
of Ag' consult § II. 

GROUP II. Reagent: Hydrogen sulphide (§ 19). 

The precipitate may consist of (§ 20) : 
A: (copper sub-group) HgS, PbS^ Bi^S,, CuS, CdS: 
B: (tin sub-group) AS2S3, (AsjSg), Sb^S,, SbjSg, SnS, SnS,. 

I. Separation of the Sulphides of the Copper Sub-Group, 
A (§21). 

The precipitate is first washed with hydrogen sulphide solution 
and is then heated with dilute nitric acid: 



II 



'8 273 I 



274 



PRINCIPLES OF QUALITATIVE ANALYSIS. 



HgS remains undis- 
solved.* The residue is 
heated with a mixture 
of concentrated hydro- 
chloric and nitric acids 
— about 3 vols. HCl to 
I vol. HNO,(aqua regia). 
HgS goes into solution 
as HgCls With stannous 
chloride the solution forms 
a white precipitate of 
HgCl, becoming fmally 
gray Hg. Aqua regia 
must previously be ex- 
pelled. For the reactions 
of Hg" consult § 33. 



PbS, Bi^3, CtiS and CdS go into solution. The 
solution is tested for Pb" with dilute sulphuric acid 
(§ aa). Nitric acid is expelled and Pb" pre- 
cipitated as PbSO^, which is filtered. The filiraU 
may contain Bi"', Cu" and Cd" Ammonia is 
added till the filtrate is alkaline. 

Bi(OH), precipitates. Cu" and Cd" remain 

The precipitate is fil- in solution owing to the 



tered, then dissolved in 
as little dilute nitric acid 
as possible. This solu- 
tion is neutralized by 
adding ammonia drop by 
drop until the precipi- 
tate at first formed 
barely disappears on 
shaking up the solution. 
Then a solution of po- 
tassium- or sodium chlo- 
ride is added, precipitat- 
ing BiOCL For the re- 
actions of Bi"* consult 

§37. 



formation of complex 
ammonia cations^ § 13. 
The formation erf a deep 
blue color indicates the 
presence of Cu" in the 
nitrate solution. For 
the reactions of cupric 
ion consult § 40. 

In case Cu" is absent, 
the colorless solution is 
weakly acidified and 
then saturated with 
hydrogen sulphide to 
test for Cd" (§23). A 
yellow precipitate of 
CdS forms. For the 
reactions of Cd" consult 
$41- 

If the ammoniacal 
solution contains copper 
ammonia cations, po- 
tassium cyanide is added 
until it is decoloriud 
(§ 23). The colorless 
solution is then satu- 
rated with hydrogen 
sulphide. Sometimes a 
dirty yellow precipitate 
forms. This indicates 
that the separation of 
Pb" or Bi" as black 
sulphides has been in- 
complete. In this case 
the precipitate is redis- 
solved and the separa- 
tion is carried out again. 

2. To Test for the Sulphides of the Tin Sub-Group, B (§ 24). 

A portion of the original sulphide precipitate is digested with 
ammonium- or alkali sulphide (§ 32). By this treatment sulphides 
of the tin sub-group go into solution, while the sulphides of the 
copper sub-group remain undissolved. In case the precipitate does 
not dissolve completely in ammonium sulphide, the presence of sul- 
phides of sub-group B may be detected by acidifying the filtrakf 
which yields a colored jlocculent precipitate in addition to. a milky 

^Sometimes mercuric: sulphide is decomposed, in particular by concentrated nitric 

acid (consult § 33). 
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separation of sulphur. The acid used for this should never be added 
from the reagent bottle, but from a separate vessel, and any that is 
unused should be thrown away. A larger portion of the precipitate 
is then taken for the separation of the sulphides of the two sub- 
groups (§ 25). 

3. Separation of the Sulphides of the Tin Sub-6roup, B (§ 26). 

The precipitate, which may contain sulphides of arsenic^ antimony 
and tin, is boiled with concentrated hydrochloric acid for two or 
three minutes: 



A residue may consist 
of sulphur and arsenic 
trisulphide (consult § 
26, footnote 2). It is 
heated with concentrated 
nitric acid. To the so- 
lution so obtained are 
added a magnesium and 
an ammonium salt solu- 
tion together with am- 
monia sufficient to pro- 
duce an alkaline reac- 
tion. In case the resi- 
due contained arsenic 
trisulphide a white cr}'s- 
tallinc precipitate of 
]iglfH4A804 forms, some- 
times only after vigor- 
ously shaking the solu- 
tion. For the reactions 
of the ions of arsenic 
consult §§ 42-44. For 
the detection of very 
small amounts of arsenic 
consult § 45. 



The solution may contain ions of antimony and 
tin. Antimony ion is detected by placing a few 
drops of the solution on a platinum foil and plac- 
ing one end of a U-shaped strip of tin foil in the 
liquid, leaving the other end in contact with the 
platinum [or by means of the silver coin test (§ 
26), care being taken to completely renrov» hydro- 
gen sulphide from the solution before making this 
last test]. A dark stain forms on the platinum 
[or silver (slowly in the latter case)] if antimony 
ion is present. For the reactions of antimony 
consult § 46. 

Mistakes are occasionally made at this point. 
They arise from the appreciable solubility of copper 
sulphide in ammonium sulphide. Consult § 3a for 
the recognition of these sources of error and the 
means of overcoming the difficulties. 

To detect stannous ion the excess of hydrochlo- 
ric acid is removed by evaporating or neutralizing 
the solution. Antimony and tin are then precipi- 
tated from this solution by means of granulated 
zinc. The metallic precipitate is filtered, washed 
with water and warmed with dilute hydrochloric 
acid, to which some concentrated acid may be 
added if necessary. It is essential that the quan- 
tity of metal used for this experiment is com- 
pletely dissolved. Otherwise Sb" and Sn" might 
DC reprecipitated after they are dissolved away 
from the zinc and the latter again comes in con- 
tact with the solution. If stannous ion is present 
the solution gives with mercuric chloride a white 
precipitate of mercurous chloride. [Or the hydro- 
chloric acid solution is boiled with pure iron wire 
until colorless, and then is tested with mercuric 
chloride.] For the reactions of the ions of tin 
consult §J 47 and 48. 



GROUP III. Reagent; Ammonia + ammonium chloride (§ 51). 
The filtrate from the second group is heated to expel hydrogen 
sulphide. It is then heated with a few cc. concentrated nitric acid 
to oxidize ferrous- to ferric ion. If the solution has not been treated 
with hydrogen sulphide the oxidation with nitric acid is carried out 
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only in case the original solution contains ferrous ion (consult § 
51). To the solution are then added 5-10 cc. ammonium chloride 
solution and also ammonia drop by drop until an alkaline reaction is 
produced. The resulting precipitate is filtered after being heated 
for a few minutes in contact with the solution. As little ammonia 
as possible should be used (consult § 51, footnote). The precipitate 
may contain: 
A. Hydroxides of aluminum, iron, chromium, manganese, cobalt 
and nickel;^ 
^ B. Aluminum phosphate, iron phosphate and magnesium ammo- 
nium phosphate, and fluorides, oxalates and phosphates of 
' the alkali earth metals, which are brought into solution by acids; 
\ C. Silicic acid; 
vP. Sulphates of the alkali earth metals. 

A. Separation of the Hydroxides (§ 55). 

The precipitate is washed and dissolved in dilute hydrochloric 
acid. Excess of alkali hydroxide is then added, until the liquid 
exerts upon the skin the characteristic action of alkalies. After a 
few minutes the undissolved portion is separated from the solution 
by filtration. 

>As a rule hydroxides of manganese, cobalt and nickel are not precipitated by 
ammonia, but they may be precipitated under certain conditions. These are not 
yet definitely established. 
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Hydroxides of iron and manganese 
remain undissolved. To detect man- 
ganese hydroxide a portion of the 
precipitate is fused on a platinum 
foil with sodium carbonate and potas- 
sium nitrate (§ 56). Manganese 
gives rise to a deep green fusion of 
alkali manganate, which forms a 
red solution in water acidulated with 
acetic acid. 

For the detection of iron a portion 
of the precipitate is dissolved in 
hydrochloric acid and the solution is 
tested with ammonium sulphocyanate 
(§ 56). If ferric ion is present a 
blood red solution results. For the 
reactions of the ions of iron consult 
§§ 67-70. 

Sometimes chromic hydroxide is 
mixed with the residue left after 
treatment with alkali hydroxide (§ 
57). To determine if this is the 
case the precipitate is dissolved in 
dilute hydrochloric acid. The solu- 
tion is then neutralized with sodium 
carbonate (§ 56) and sodium acetate 
is added. Basic chromic- and ferric 
acetate precipitate on boiling this 
solution, and are separated as given 
in the text. The filtrate is tested 
with ammonium sulphide for Mn". 
A pink precipitate of manganous sul- 
phide forms if manganese is present. 
Consult § 56 for the method to be 
used if the precipitate contains hydrox- 
ides of manganese, cobalt or nickel. 



Aluminum and chromium hydrox- 
ides go into solution as aluminate and 
chromite respectively (§ 55)- A 
chromite solution has a green color. 
On boiling chromic hydroxide precipi- 
tates, especially after diluting with 
water. For the reactions of chromic 
ion consult § 64. 

To detect aluminum ion ammonium 
chloride is added to the solution freed 
from chromium^ best in the solid 
form. Aluminum hydroxide sepa- 
rates on warming this solution. For 
the reactions of aluminum ion con- 
sult § 63. 

Occasionally ferric hydroxide is 
mixed with the chromic hydroxide 
precipitated on boiling the solution. 
In this case the mixture (§ 57) is 
fused in a crucible with sodium car- 
bonate and potassium nitrate. By 
this means chromic hydroxide is oxi- 
dized to chr ornate (§ 64), which dis- 
solves in water to a yellow solution. 
Lead acetate precipitates yellow lead 
chromate from this solution after 
acidification with acetic add. Ferric 
hydroxide remains undissolved by the 
above treatment and is identified by 
any of the methods mentioned above. 



B. Detection of the Substances under B (§ 58). 

A portion of the (washed) precipitate obtained with ammonia is 
used in the preliminary test for phosphates. It is dissolved in nilric 
acid and to the solution is added several times its volume of ammo- 
nium molybdate solution. (The solution must have an acid reac- 
tion.) Phosphates yield a yellow precipitate of ammonium phos- 
pho-molybdate. To detect ^ oxalates and fluorides another portion 
of the original precipitate is heated with a solution of sodium car- 
bonate for a few minutes. The resulting precipitate is filtered, and 
the filtrate neutralized with acetic acid. Calcium chloride is now 
added. If the anions CjO/' or F' are present, a white precipitate 
forms, insoluble in acetic acid, soluble in hydrochloric or nitric acid. 

(a) Decomposition of phosphates (§ 59). The precipitate is dis- 
solved in concentrated nitric acid. This solution is then heated with 
tin f oily whereby phosphate ion is precipitated as stannic phosphate. 
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The cations which were precipitated as phosphates are now found 
in the solution filtered from the siannk phosphate and siannic acid. 
The f^sirfw^ is extracted with dilute hydrochloric acid to free it from 
soluble salts, while the fiUraie is ruaporaltd to drytiess to separate 
any dissolved stannic acid. The evaporation residue is then ex- 
tracted with dilute hydrochloric acid and this solution is tested for 
cations of groups III, IV and V and also for Mg \ 

(b) Decompositimi of oxalates and fluorides (§ 6o)* The pre- 
cipitate is dissolved in nitric acid. This solution is then heated with 
an excess of sodium carbmiate solutimt. The cations which were 
previously contained in the oxahtes or fluc^ides are precipitated by 
this means (as basic) carbmiales. The precipitate is filtered, washed 
w^ith water and dissolved in hydrochloric acid. This solution is then 
tested for cations of groups III, IV and V and for Mg\ 

(c) Decomposition of a mixture of phosphates, oxalates and fluorides 
(f 6l). The operations described under (a) and (6) are applied 
successively* 

C- In case the precipitate is partly composed of silicic acid it is 
treated according to Jj 189-192. 

D. If sulphates are present the precipitate obtained with ammonia 
also does not dissolve completely in acids. A residue insoiubie in 
acids is treated according to jf i83. These sulphates may also sepa- 
rate on oxidizing the filtrate from the second group before adding 
ammonia. In case this is observ^ed the precipitate is filtered and 
treated in the above-mentioned way (J 183). 



GROtJP rV. Reagent: Ammonium sulphide (| 72), 



« 



A portion of the Jiltrate from the third group is first tested with 
ammonium sulphide, or by saturating the ammoniacal solution with 
hydrogen sulphide (§ 73). If a precipitate forms the fourth group 
ions are precipitated from the entire filtrate. On filtering, the pre- 
cipitate often runs through the filter. This can be avoided, how- 
ever, by warming the solution with ammonium acetate, which coagu- 
lates the precipitate. It may also be avoided by passing hydrogen 
sulphide directly into the warm slightly ammoniacal filtrate from the 
third group, instead of using a solution of ammonium sulphide. 
The following sulphides may be present in the precipitate: CoS, 
NiS, MnS and ZnS. 
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The precipitate is first washed with a solulion of hydrogen sul- 
phide or ammonium acetate saturated with hydrogen sulphide. 
Then very dilute hydrochloric acid is poured over it on the filter 
(§ 7S). 



Zinc and monganotii sulphides go 

into solutLOfu An e^ccess of aikati 
hydroxide h now addefl, Hfi being 
ttit expelied. Mflnganoas hydroxide 
Is precipiiaied and becomes broun 
ihrou^h oxid at km by osygen of ihc 
air. Fur the react ions ot manganous 
ioH cx>nsult 1178-80, 

To detect line ion hydrogen std- 
phide k passed into the aJkalitte solu- 
tion. A white precipitate of ZnS 
lorms» btrcotning more distinct on 
keaiing the solution. Frequently the 
precipitate appears dirty white, owing 
to a con lent of FeS^ CoS or NiS. 
Fefrmu sulphide may be re mo vet! by 
adding acetic acid in small portions. 
CoS and NiS are best separated by 
e^ttracting the precipitate again with 
dilute hydrochloric acid. For the 
reactions of zinc ian consult £ 8i« 



Cob Alt and nickel sulphides remain 
undissolved (compare S?^, footnote). 
The residue is dissolved in concen- 
trated nitric acid or in a mixture of 
bydrochloric and nitric adds. Ex- 
cess of acid is driven off by evapora- 
tion. Then the solution is neutral- 
ized with alkcdi carbtmate and acidic 
fie<i with acetic acid. Crniceniratrd 
potassium niirUc solution is next 
added, precipitatirig COhftlt iOQ as 
potass i tun coba Itini tri te . Fo r t he re- 
act ions of cobalt ion consult \ 83, 

To delect nickel ion the fdiraie 
(freeci from cobaltous ion) is gently 
warmed with alkali hydroxide. Hi ' 
gives a green precipitate of !fi(OH)g 
(compare j 75), For the detection 
of Hi" in the presence of Co*' by 
potassium cyanide and bromine and 
for the reactions of Ni'* consult | 
B4* [The potassium persulphate 
meihod may also be use^tj to disiin* 
guish both Ni" and Co" together 
iconauU I 75)1* 



GROUP V. Reagent; Ammonium carbonate (iff 85-86), 

Before making the tests ammonium stdf^ide is removed by heat- 
ing the filtrate from the fourth group with acetic acid. Any sulphur 
that separates dunng this operation is filtered. The filtrate is then 
made alkaline with ammonia and is heated to boiling. Ammonium 
carbonate solution is next added drop by drop until the quantity of 
precipitate no longer visibly increases. The precipitate is filtered 
and t\\Q filtrate is tested by heating it, to see if any further precipitate 
is formed (i 86), In case any more solid separates the liquid is 
again poured over the fiJter, 

The carbanates (BaCOg, SrCO^ and CaCOJ are separated ac- 
cording to § 87. The precipitate is first washed and is dissolved in 
aceiic acid. A portion of this solution is then tested with didtro- 
maie i&n. If the solution contains Bft'' a yellow predftilaie (BaCrO^) 
forms. In this case Ba" is precipitated from the rest of the solutim. 
For the detection of Sr'' and Ca" ammonium carbonak is again 
added to the yellow^ filtrate^ which is previously made ammon- 
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iacaK This precipitates strontium- and calcium carbonates. 

After filtering and washing this precipitate is dissolved in hy- 
drochloric acid, 

A portion of the solution, which is pracHcally free from Imrium 
UMy or of the solution obtained by dissolving the original carbonate 
precipikUe (in case the test for Ba" with dichromate ion has given 
a negative result), is tested for Sr" with a solution of gypsum. Since 
SrSO^ precipitates quite slowly^ the solution must be lefi several 
hours before it is certain that all Sr" has been removed. 

In case no Sr" is found, the remainder of the hydrochloric acid 
solution is tested directly for Ca" by addition of ammmiium oxalak 
and enough amm<mia to gi\'e an alkaline reaction, Ca" yields a 
white cry^stalline precipitate of calcium oxalate (J 94). If, how- 
ever, Sr" was shown to be present, alkali sulpha te is added to the 
hydrochloric acid solution. The precipitate is filtered after it has 
been shaken for 20-30 minutes with the solution. Then Ca** i? 
detected in the filtrate as above given. 

For the reactions of the ions of this group consult §| 94 , 97 and 
8. 

GROUP VI. 

The filtrate from the fifth group may contain the ions Mg", K" 
and Na' (g 99). Before carrying out the test forMg" a portion of 
the filtrate is again tested with dilute sulphuric acid for Ba ' and Sr ", 
and another portion with ammonium oxalate for Ca \ If a precipi- 
tate forms the entire filtrate is treated with these reagents^ succes- 
sively when necessary. {In precipitating calcium ion as CaC^O^ 
the liquid must be made ammoniacal, since calcium oxalate is solu- 
ble in sulphuric acid.) 

A portion of the filtrate is then taken for the detection of Mg"- 
If necessary it is evaporated to concentrate it. Then disodium hy- 
drogen phosphate is added, together with enough ammonia to give 
the solution a slight alkaline reaction* To avoid supersaturation the 
test-tube is shaken vigorously. Mg ' gives a crystalline precipitate 
of the composition MgNH^PO^ (§ 102), The method to be used for 
the detection of K' and Na' depends upon the presence or absence 
of Mg-ion. 

I. The filtrate from the fifth group cofUains no Mg'\ In this case 
the solution is evaporated to dryness, Ammoniujn salts are ex 
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pelled by gently heating the evaporating dish over an asbestos plate, 
leaving a small air cushion between the vessel and the asbestos (§ 
100). The residue is dissolved in a few drops of water. A portion 
of this neutral solution is tested: 



For K' by addition of sodium hy- 
drogen tartrate solution. To remove 
supersaturation a small quantity of a 
dry mixture containing i per cent, 
cream of tartar and 99 per cent, so- 
dium nitrate is introduced into the 
liquid. A white crystalline precipi- 
tate of potassium hydrogen tartrate 
forms. For the reactions of potas- 
sium ion consult § 103. 



For Na* with a solution of dipotas- 
sium dihydrogen pyroantimonate, 
saturated when hot and then cooled. 
Sodium ion yields with this solution 
a crystalline precipitate (§ 105), 
which may be easily separated by 
decantation (§ 100) from antimonic 
acid that is sometimes precipitated 
with it. 



2. The filtrate from the fifth group contains Mg" (§ loi). The 
solution is first treated as above given. The residue left after ex- 
pelling ammonium salts is taken up with water and a few drops of 
hydrochloric acid. This solution is then heated with baryta, until 
the filtrate no longer forms a precipitate on fv/rther addition of 
baryta. From the filtrate Ba" is precipitated by ammonium carbo 
nate or stdphuric acid. Then the solution separated from this pre- 
cipitate is tested for K* and Na* in the same manner as the solution 
containing no Mg", after expelling ammonium salts. 

A separation of carbon on driving oflF ammonium salts, or a resi- 
due not entirely soluble in water, indicates that organic compounds 
are present. For this case consult § 193. 

A special portion of the original substance or mixture is tested 
for ammoniiun compounds by heating it with alkali hydroxide, ac- 
cording to § 108. 
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TABLE III. PRELIMINARY TESTS AND METHODS OF 
BRINGING SOLIDS INTO SOLUTION. 

Preliminary Tests (§ i68). 

I. Bulb-tube tests (§ 170). The most striking phenomena are: 

A. Loss of water from salts containing water of crystallization and 

fusion (easily fusible salts). 

B. Formation of a sublimate, 

A white sublimate may consist of: ammonium salts, arsenic- 
and antimony trioxide, mercury salts (the latter become red 
when heated with sodium carbonate). 

A yellow sublimate may contain: arsenic trisulphide, mercuric 
iodide, sulphur, 

A gray to dark sublimate may be: mercury, arsenic or iodine. 

C. A change of color is undergone by salts of heavy metals, many 

oxides and organic compounds. 

D. Evolution of volatile decomposition products: 

Oxygen from peroxides, HgO, nitrates, chlo- 

rates; 

Carbon dioxide ** carbonates and oxalates; 

Carbon monoxide ** oxalates; 

Sulphur trioxide ** sulphates; 

Sulphur dioxide ** sulphides with access to air; 

Nitrogen peroxide ** nitrates; 

Bromine ** bromides in the presence of oxi- 

dizing agents; 

Iodine ** iodides in the presence of oxi- 

dizing agents; 

Cyanogen ** cyanides; 

Arsenic (odor of garlic) * ' arsenic compounds; 

Ammonia *' ammonium salts; 

Empyreumatic vapors ** organic compounds. 

II. Behavior on charcoal (§ 171). 
A. Metallic beads and sublimates, 

(a) Metallic beads without sublimate may be: 

gold: yellow, ductile; silver: white, ductile; 

copper: red masses; tin: white, ductile, fusible; 

platinum, cobalt, nickel, iron, form gray magnetic masses. 
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(b) Metallic beads with a sublimate may be: 

antimony: white, brittle, white sublimate; 
bismuth: brittle, brown yellow sublimate; 
lead: white, ductile, yellow sublimate. 

(c) Sublimates without metallic beads may be: 

arsenic trioocide, white (odor of garlic) ; 
cadmium oxide, brown; 
zinc oxide, white, yellow when hot; 
mercury compounds, 

B. Fused masses of green or yellow color may consist of manga- 

nates, chromates or sulphides; green infusible masses (chromic 
oxide) indicate chromic salts. To detect sulphur compounds 
the fused mass on the charcoal is triturated, moistened with 
water and its behavior towards metallic silver is tested (hepar 
test, § 171). Iodides interfere with this test. 

C. White unfused masses. When moistened with cobalt nitrate 

solution and heated to redness in the oxidizing flame: 
ooMes of the alkali earth metals yield gray masses; 
magnesium oxide flesh colored masses; 

aluminum oxide blue masses. 

Arsenites, borates, phosphates and silicates, when heated to red- 
ness and moistened with cobalt nitrate solution, yield blue 
masses, which are partly fusible, however. 

III. For the Hempel method of reduction with sodium or 
magnesium consult § 172 and No. VII, this table. 

IV. Phosphor salt and borax bead tests (§ 65) . The colors cor- 
respond to compounds of the following elements (compare § 173). 



I 



Color 



Phosphor Salt Bead 



Borax Bead 



Oxidizing Flame: Reducing Flame Oxidizing Flame Reducing Flame 



Colorless Most colorless SiO^, Cu, Mn. 



Gray 

Red 
Yellow 
Green 

Blue 
Violet 



salts. SiO, 
skeleton 



Fe, Ni. 

Fe, Ag, Ni. 

Cr, Cu. 

Co, Cu. 

Mn. 



Ag, Pb. Bi, Sb, 

Cd, Zn, Ni. 

Fe, Cu. 

Fe. 



Co. 



SiO, 



Fe, Ni. 

Fe Ag, Ni. 

Cr, Cu. 

Co, Cu. 

Ni containing 

Co and Mn. 



SiO^, Mn, Cu. 



I Ag, Pb, Bi, Sb, 

Cd, Zn, Ni. 

Cu. 



Cr, Fe. 
Co. 



288 



PRINCIPLES OF QUALITATIVE ANALYSIS. 



V. Flame reactions (consult §§ io6 and 174). 

Yellow light emanates from volatile sodium compounds; 
Red yellow ** '* ** ** calcium compounds; 

Red '' '' '' '' strontium and lithium 

compounds; 
Blue violet '* '* '* ** potassium compounds; 

Green *' ** ** ** barium compounds, boric 

acid; 
Pale blue ** '* ** '* /^ad, arsenic and an/i- 

w(wy compounds. 

VI. Preliminary tests for acids (§ 175). 

A. Dilute sulphuric acid (§ 176) is poured over the coarsely pow- 
dered mixture, evolving: 
Carbon dioxide from carbonates; 



Hydrogen cyanide 
Sulphur dioxide 
Brown vapors 
Hydrogen sulphide 
Acetic acid 
Hypochlorous acid 
Oxygen 



cyanides; 

sulphites and thiosulphates; 
nitrites; 
sulphides; 
acetates; 
hypochlorites; 

peroxides of the alkali- and alkali 
earth metals. 



B. The substance yields with concentrated sulphuric acid (§ 177), 
either at room temperature or when warmed: 
Hydrogen chloride from chlorides; 



Hydrogen fluoride 
Sulphur dioxide 
Acetic acid 
Chlorine 

Chlorine dioxide 
Bromine (witji 

HBr and SO^) 
Iodine (with HI, 

SO2, and HjS) 
Brown vapors 
Oxygen 



fluorides; 

sulphites or thiosulphates; 
acetates; 

chlorides in the presence of an oxi- 
dizing agent; 
chlorates; 

bromides; 

iodides; 

nitrites or nitrates; 
chromates, permanganates, perox- 
ides; 
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Carbon dioxide from carbonates and oxalates; 

Carbon monoxide " oxalates, tartrates, cyanides. 

C. A further test is made with a mixture of alcohol and concentrated 
sulphuric acid for acetates (§ 158) and for borates (§ 135). 

VII. Behavior of the mixture towards solvents (consult § 178). 

Methods of Bringing Solids into Solution. 

Concerning the preparation of a solution in water or dilute acids 
consult § 179, and for the preparation of a solution to be tested for 
anions see § 181. 

With substances which are insoluble in water and acids it must 
first be determined whether they are halide salts, sulphates, cyanides, 
fluorides, sulphides, oxides, or silicates. The various methods of 
bringing these into solution are given in §§ 182-192. 

The Hempel method of reduction wth magnesium or sodium is of 
great value in determining the nature of these compounds. The 
method of identifying silicates and sulphates is briefly stated in § 
172. To test for halide salts the product left after heating the sub- 
stance with magnesium or sodium is dissolved in dilute nitric acid 
and this solution is then tested with silver nitrate. Oxides and sul- 
phides are often readily identified by their color, and sometimes by 
their behavior in the phosphor salt bead. When no sulphates are 
present, oxides may be distinguished from sulphides according to § 
172. 
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oxynitrate 42 
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ion 27, 42 
Blowpipe tests 44 
Borates, detection 155 
Borax 74. iS4. au 
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oxidation 163, 164 
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Bulb-tube tests 40, 204 
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hydroxide 46 
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nitrate 46 

sulphate 46 

sulphide 27. 28, 47 
Caesium 271 
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flame tMts xio 
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hydroxide 109 
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nitrate 67, 109 

oxalate 59, loa. no. 136 
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sulphate 59t zoa. no, 321 
Carbonate ion 67 # 156 
Carbonates, theory of decomposition by acids 

xia 
Carbon dioxide ixo 

disulphide 163 
Carbonic acid 71. X13, 156 
Carbon oxysulphide X79 
Catalysis 195 
Catalytic reactions ax, 113, 140, i6s. X79, 189. 

X90. a4a 
Catalyzers, negative X40, 19S 
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Cations 13 

group reagents 3 

group I 6 

II a3 

III 59 

IV 8a 

V 100 

VI xis 
Ceric ion a6o 

Cerite xnetals, separation 262 
Cerium a6o 

flame tests a6x 
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Cerous carbonate a6o 

hydroxide a6o 

ion a6o 

potassium sulphate 360 
Charcoal tests ao6 
Chexnical analysis, object x 
Chlorate ion 188 
Chlorates, decomposition by heat 189, 190 

decomposition by sulphuric acid 189 

distinction from nitrates 189 

oxidation with 189 
Chloric acid 189 
Chloride ion 160 

distinction from bromides and 

iodides 165 
oxidation 163 
Chlorine dioxide X89 
Chlorine water x6a j 

Chloroaurate ion 350 
Chloroaxiric acid 343, 350 
Chlorobromide 163 I 

Chloroform 163 
Chloroiridate ion 344 
Chloroiridite ion 344 
Chkwoplatinate ion 34 x, 344 
Chloroplatinic add xx9, 341 

reduction 343 
Chloroplatimte ion 34 x, 344 
Chloroplatinous acid 343 
Chromate ion 64, 73i 1x5. X37 
Chrome alum, 73, 75 
Chromic acetate 66, 73 

chloride 7 



hydroxide 59, 63, 66, 74 

ion 73 

oxalate 136 

oxide 74. 3a8 
Chromite ion 63, 64. 73, 74 
Chromium 73 

dioxide 139 
Chromous hydroxide 73 

ion 73 
Chromyl chloride 161 
Cobalt 94 

bead tests 90 

reduction 98 
Cobaltate ion 95 
Cobaltic hydroxide 60, 66, 95 

ion 95 
Cobalticyanide ion 86, 97, 98 
Cobaltinitrite ion 85, 95t 96 
Cobaltocyanide ion 97 
Cobaltous ammonia ion 9S 

chloride 95 

cyanide 97 

hydroxide 95 

ion 95 

nitrate 95 

sulphate 95 

sulphide 66, 8a, 87, 97 

sulphocyanate 96 
ion 97 
Colloids 87. 88 
Complex ions 16 

salts 75 
Components, metallic and non- metallic x, 14 
Concentration 3a, 57 

ionic 57, Z03 

product 107 
Condensed acids 155. 369 
Conductors xs 
Copper, reduction on charcoal 46 

ammonia ion 36, 38, 45 
Cream of tartar, see potassium hydrogen 

tartrate. 
Crystalline precipitates lox 
Crystalloids 88 
Cupric chloride 45 

cyanide a8 

ferricyanide 174 

ferrocyanide 45. X74 

hydroxide 45 

ion 45 

separation from cadmium 37 

nitrate 45 

sulphate 45 

sulphide 34, 38. 36 

sulphocyanate 45, X79 
Cupricyanide ion 38 
Cuprocyanide ion 38 
Cupkous cyanide 38 

hydroxide 46 

iodide 46, 164 

ion 45, 46 

oxide 46. 153 

sulphocyanate 45. 179 
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Cyaxiates 173 

Cyanide complexes 169, 172 
Cyanide ioo 15, 169, 171, tja 
Cyanides, decomposition 173 

distinction from ferro- and f erricyanides 
176 
Cyanogen a8, 173 

D. 

Dichromate ion 64. 73t xz4t xiSi X37 
oxidation with 139 
reduction 139 
Dipotassium dihydrogen pyroantimonate xx6, 

zaa 
Disodium dihydrogen pyroantimonate zx6. 
xaa 
hydrogen phosphate, see sodium phos- 
phate 
tetraborate, see borax 
Dissociation X3, 56, S7t 5^, X03, X04 
Distribution Uw X63 
Doable salts 75 
Dry tests ao3 

E. 

Electric potential series 39 
Electrolytic dissociation theory 13 
Electrolytes xa, 103 
Elements x 

see table of atomic weights. 
Energy, free x88 
Equilibrium 7, 56, 70, xxs, 135 

constant 34, Z03, X04 

factors 34 
Ethyl alcohol 9 a 
Ethyl sulphuric acid z88 
Explosions in gas mixtures 94 
Evaporation, separation by fractional X94 

F. 

Ferric acetate 65, 66, 78, x86 

carboni^te (basic) 78 

chloride 78 

cyanide 79 

ferricyanide 174 

ferrocyanide X74 

hydroxide 59. 65, 66, 77, 78 

ion s8. 75, 77 

oxalate 80, 136 

oxide X90, aaS 

phosphate 59, 78 

sulphide 79 

sulphocyanate 65. 78, X79 
Ferricyanide ion 79. X74, X76 

relation to ferrocyanide ion X7S 
Ferrocyanide ion 77, X7a, X73 
decomposition X74 
relation to ferricyanide ion 175 
Ferrous carbonate 76 

cyanide 77 

ferricyanide X74 



ferrocyanide X73 

hydroxid.' 76 

ion 58, 7S 

oxidation 6a, 78 

oxalate 80 

phosphate X49 

sulphate x8o, x8x, a4a 

sulphide 76 
Fifth group carbonates, separation zoi 
Filtrate 6 
Filtration 5. i34 
First group precipitate 6 
Flame reactions 122, axx. a39 
Floating light precipitates x x 7 
Fluoride ion X36 
Fluorides in group III 59. 67. 68, 69 

decomposition with sulphuric acid sa? 
Fluosilicate ion 131, 133 
Fluosilicates, decomposition 134 
Fluosilicic acid 1x9. X33 
Formaldehyde 189 
Formulation of reactions 9a 

of slight dissociation 58 
Formula weight 6, X4 
Fourth group sulphides 84 
Fulminating gold, t49 

Ftasion with jx^tassium hydrogen sulphate aa8 
potassium sodium carbonate as a 
sodium carbonate and niter 66, 74 
sodium carbonate and sulphur 939 
Fusion sone laa 

G. 

Gallium 367 
Germanium a 54 

dioxide as4 

disulphide a $4 
Gold a49 

complex ciranides 251 

purple aso 

H. 

Hempel method of reduction ao8 
Henry's law 84 
Hepar reaction ao7 
Hydration of ions X3 
Hydrobromic acid 162, X63 
Hydrochloric acid 161 

precipitate 8 

precipitation with 5, ax, xos, SS4 
Hydrocyanic acid 8x, 171. aM 
Hydrofluoric acid, dissociation X37 

etching 137 

in silicate axialysis 934 
Hydrogen xx 
ion IX 
peroxide, use in group III 64 

test for chromates 138 
stxlphide, precipitation with a a 

removal 58 

theory of precipitation sa, 33, 3s 
Hydrolysis 80 

reactions 48, S4. 7ii 77i 150* X55, 156, X84 
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Hydrosulphate km 133 
Hydroxides of group III 59t 63 

influence <xf organic compound! on 60 
Hydroxy! ion x x 
Hypobromite ion 163 
Hirpochlorite ion 177 
Hirpochlorites, oxidation with 179 
Hypochlorous acid 169, 177 



Indigo scdution X 24, 183 
Indium 354 

flame test 355 

hydroxide 354 

sulphide 354 

sulphite (basic) 954 
Inooilation xx6, xaa 
lodate ion 168, X79, 180 
lodates, reduction x8o 
Iodide ion x64i x68. 170 
oxidation 164 
teste x6s 
Iodine 165, 170. 180 
Ions XI, xa, 13 
Iridium a44 

chloride a44 

sulphide 944 
Iron 75 

and chromium, incompleteness of separa- 
tion of 66 

basic acetate separation 65 

bead teste 79 

complex ions 80 

reduction 79 
Isomerism xx 



K. 



Kipp apparatus x x x 

L. 

Labile state xax 
I^anthannm a6x 

anmKmium nitrate 96 x 

acetate (basic) 96 x 

pcntoodde 96 x 

sulphate 961 

1x7 

acetete 17, 197, x86 

arsenate 153 

arsenite X59 

borate iss 

bromate x8i 

bromide X63 

carbonate (basic) x8. 156 

chlorate x88 

chloride 6, 8. x8, 90. 95. i6x 
ion 18 

chronwte x8, 138 

cyanide X79 

ferricyanide 176 

ferrocyanide X73. X76 

fhaoride X36 



fluosilicate, distinction from lead sul- 
phate 13 X 

hydrogen sulphate X33 

hydroxide X7, x8 

hypochlorite X78 

iodate x8o 

iodide x8, 164 
ion x8 

ion XX, X7 

separation from bismuth 95 

metephosphate xsx 

nitrate x?. X9f x>7t 184 

nitrite X84 

oxalate 136 

peroxide 19. 96, 90 

phosphate 149 

pyrophosphate xsx 

sulphate 8, 18, 95, X3x, 139, 133, 991, 999 

sulphide X9, 95, 930 

sulphite X40 

tartrate X57 
ion 19 

thiosulphate X44 
ion X9, 990 
Lithium 970 

flame teste 935, 971 

separation from potassium 971 

carbonate 970 

chloride 971 

phosphate 970 

sulphate 97 x 
Luminous flame 44 



Magnesium xi8 

reduction with 909 

anmionium arsenate 3i« XS3 
phosphate S9t xi6, xx9, 149 

carbonate (basic) xx9 

chloride xx8 

hydroxide xx8 

ion lox, xxs, xi7i 1x8 

oxide XX9 

stilphate X18 
Manganates 65 
Manganese, bead teste 90 

ions 88 

reduction 90 

dioxide 65, 167, 190 
Manganic hydroxide 59. 65, 66. 89, 83, 8s. 91 
Manganous ammonium phosphate 89 

carbonate 89 

chloride 89 

hydroxide 83, 8s. 89 

ion 88 

detection 90 

relations to the other ions 90 

salte, oxidation 90 
stability 91 

sulphate 89 

sulphide 66, 82, 90 
Marsh test for arsenic and antimony so 
Mass action 33, X03, 992 
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Mercuric ammonium chloride 38 
nitrate 38 

carbonate (basic) 38 

chloride 21, 24, 25, 39, 57 
ion 40 

cyanide ai, 57 

iodide 38, 123. 164, 220 
ion 38, aao 

ion 20, 37 

nitrate 37, 39. 4X. 57 

oxide 20, 37, S3, 57, 118, 177 

oxychloride 178 

salts, abnormal dissociation 39, 40 

sulphide 23. 24. 36, 38, 57, 230 

sulphocyanate 39. 57 

thiosulphate ion 220 
Mercurous ammonium chloride 9, 21 
nitrate 21 

chloride 6. 9, 21, 161 

chromate 138 

compounds, stability 20, ax 

iodide 21. 205, aao 

ion ao 

nitrate ao, 41 

oxide ao, 118 

thiosulphate ion 220 
Mercury 25 
Metaphosphoric acid 151 

distinction from ortho- and pyro- 
acids 151 
Metastable state 121 
Metastannic acid 56 
Metatungstates 267 
Metavanadates 269 
Minium 19. 90 
Molybdenum 251 

borax bead tests 252 

trioxide 251 

trisulphide 251 
Molybdic acid 149. 251 
complexes 251 



Nessler's reagent las 
Neodymium ada 

absorption spectrum a62 
Neutralization 58, 129, 130, ai8 
Nickel 98 

bead tests 99 

reduction 99 
Nickelic hydroxide 86, 98, 99 
Nickelous ammonia ion 98 

ca bonate 98 

chloride 98 

cyanide 98 

ion 86. 98, 169 

hydroxide 86, 98 

ion, detection 86. 87, 98, 99 

nitrate 98 

sulphate 98 

sulphide 82. 87. 99 
Niobic acid 264 



Niobium 263 

bead test 264 

pentoxide 263 

potassium fluoride 264 
Nitrate ion 181, 183 

distinction from chlorate ion 183 
Nitrates, decomposition by heat 184 
Nitric acid 183 

decomposition 184 
dissociation 62, 183 
oxidizing action 69 

oxide 182 
Nitrite ion 184 
Nitrites, reduction with 185 
Nitrogen 163, 186 

peroxide 184 
Nitro-ion 62 
Nitroso-ion 62 
Nitrous acid 96. 185 
Normal salt, 156 

0. 

Organic complexes 235 

and group III 60 

compounds, analysis 237 
Orthoboric acid 155 
Orthophosphoric acid 149, 151 
Osmium 244 

disulphide 245 

tetrahydroxide 245 

tetrastilphide 245 

tetroxide 244 
Overstepping phenomena 121 
Oxalate complexes 80, 136 

ion 67, 135 
Oxalates, decomposition 68, 136 

detection 145 

distinction from tartrates 158 

in group III 59* 67 
Oxalic acid 9a, 135 
Oxidation 44, 60, 6 a 

seriM 61 

states, relations between 196, 197 

and oxidizing and reducing action 
197 
Oxidizing agents 61, 6 a 

flame 45 
Oxygen, preparation 41 



Palladium 343 
Palladosamminchloride a49 
Palladous cyanide 343 

iodide 164, a43 

sulphide 343 
Perchloric acid 189 
Perchromic acid 73 1 138 
Permanganate ion 65, 90, 91. 146 

separation, chlorides, bromides, iodides 
166 
Perosmic acid 344 

Perstilphate separation, cobalt, nickel 86 
chlorides, bromides, iodides 170 
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Phosphates, decomposition 68 

in group III 59. 67, 68, 69. i49 
Phospho-molybdates asx 
Phosphoric acid, anions 149 
basicity 150 
dissociation 150 
Phosphor salt 74. 151 

bead tests 151, aio. 239 
Platinic chloride 34' 

bulphide 94 a 
Platinum, ions 241 

metals, separation 246 
Polybasic acids 132 
Polyniobic acids 264 
Polysilicic acids 234 
Potassium Z19 

flame tests 124, 210. 235 
cerous sulphate 260 
chlorate 188. 190 
chloride 81. 119. X90 
chloroiridate 244 
chloroiridite 244 
chloroplatinate 120, 241 
cobaltinitrite 85. 95. 96 
cobaltous sulphocyanate 97 
cyanide 80. 172. 206 
dichromate iq2 
ferricyanide 58, 174 
ferrocyanide 173 
fluosilicate 120. 131. i33 
fluotitanate 266 
hydrogen iodate 179. x8o 
sulphate 142, 228 
tartrate 1x6 
hydroxide S7. 81 
iodate 141. x79 
iodide 164 
ion IIS, 116 
mercuric iodide 125 
niobium fluoride 264 
nitrate 1x9. 181 
nitrite 85 

perchlorate 120. 190 
permangaiutte x66 
persulphate 86. 170 
rhodium nitrite 243 
ruthenium chloride 246 

nitrite 246 
sulphate 1x9 
sulphocarbonate 99 
sulphocyanate 65 
tantalum fluoride 265 
tellurium cyanide 253 
thorium sulphate 258 
titaiutte 266 
yttrium sulphate 259 
sirconium fluoride 258 
sulphate 257 
Praseodymium 262 

absorption spectrum 262 
Precipitate 3 
Precipitation 2. xo8 
Preliminary tests 203 



acids 2X1 

borax bead 2x0 

bulb-tube 204 

charcoal 206 

concentrated sulphuric acid 213 

dilute sulphuric acid 2x1 

flame reactions 21 x 

with magnesium or sodium ao8 

phosphor salt bead 9 10 
Prussian blue 172. 174 
Pyroantimonate 1x6 
Pyrophosphate ion xsi 

Q. 

Qtxalitative analysis x 
Quantitative analysis x 

R. 

Radicals i 

Rare elements, general properties 239 
group I 240 

II 241 

III 254 

IV 267 
VI 270 

Reactions 2 

formulation 13, 92 

reversible 3a. 56 
Reaction velocity 113. i9S 

influence of fineness of particles 
113 
Reagent 3 

Red lead, see minium 
Reducing agents, 6x, 62 

flame 44 
Reduction 60, 62, 206, 208 
Rhodium 243 

ammonia chloride 249 

chloride 243 

hydroxide 243 

potassium nitrite 243 

sodium nitrite 243 

sulphide 243 
Rubidium 271 

flame tests 272 

alum 272 

carbonate 272 

chloroplatinate 272 

hydrogen tartate 272 

perchlorate 271 
Ruthenium 245 

hydroxide 246 

potassium chloride 246 
nitrite 246 

tetroxide 245 

trichloride 245 

s. 

Salts 12 

neutral S7. 8a 
Saturation of liquid with gas 23, 84 
Selenic acid 252 
Selenium 25a 

flame tests 253 
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reduction 353 
Selenoua acid as> 
Silicates, analysis 23 x 

decomposition with hydrochloric acid 

23* 

evaporation with hydrofluoric acid 

>34 
fusion with alkali carbonate 233 
Silicic acid lao. 156 

in group III 59 
Silicon tetrafluoride 134, X37f >33 
Silver aceUte xSa, x86 
ammonia chloride 9 

hydroxide 15 

ion 17 

oxide zs 
anenate 153 
arsenite is* 
borate 15s 
bromate z8t 
bromide is. 163 
carbonate 14, 156 
chlorate 171, x88 
chloride 6, 9, 15, 17, 69, x6i, z68 
chloroaurate aso 
chloroplatinate a4a 
chromate 138 ^.. 

cyanide z6, 173 

km z6, z7, Z7a 
dichromate Z38 
ferricyanide 174 
ferrocyanide z6o, X73 
fluoride 137 
hydroxide 14 
hypochlorite 178 
iodate 180, ai9 
iodide 15, i7> 160, 164 
ion 14. 17 
metaphosphate 151 
nitrate 14. 137 
nitrite 184 
oxalate 136 
oxide 14, 15 
phosphate 149 
pyrophosphate zsr 
sulphide 16. 144 

in group II as 
sulphite 140 

ion 140 
tartrate iS7 
thiosulphate 144 

ion 144, aao 
Sixth group cations 115 
Sodium 12a 

flame test ia3, a 10, 23$ 
reduction with ao8 
acetate 66. x86 

use in analysis 43, 78, loa, 104, 114 
188 
ammonium hydrogen phosphate, see 

phosphor salt 
borate 74 
carbonate 67. 68. a 18 



chlorate 188 

chloroplatinate laa 

hydrogen carbonate X70 
tartrate zx6, lao 

ion xz5, xz6, laa 

metaphosphate 74. X5x 

nitrite X84 

phosphate 78, 90. no, 149 

pyrophosphate 151 

rhodium nitrite 343 

thiostxlphate 143, aao 
Solids, constant concentration in solutions 
35. 113. 193 

effect on equilibrium 34 

insoluble in water ax 7 
Solubility 6 

relation to temperature 7 

to size of particles 87. 88, xox 

135 
to dissociation xos 
to foreign substances X05 
to complex formation x6, xo8 

product 107. 108 

total X05, X06 
Solution for tests for anions ax8 

of difficultly soluble cyanides 323 
fluorides a 37 
halides ax9 
oxides aa8 
sulphates aax 
sulphides aa9 

metals and alloys 330 

separation by fractional X93 

solids axs 

unknowns ax4 
Solutions a 

saturated 7 

supersaturated 7, xi6, X17 

unsaturated 7 
Solvents ax4. ais 

immiscible X63 
Spectrum axialysis i a4 
Stannate ion 43> 55 
Stannic acid 55, 56, 68, 230 

chloride 55 

hydroxide 55. 68 

ion 54 

phosphate 68 

sulphide S5. a3o 
Stannite ion 43, 54, 55 
Stannous chloride as, 54. 6 x 

hydroxide 43, 54 

ion 54 

stxlphide 55 
Starch test for iodine 165 
Strontium 1x4 

flame tests x 14 

separation from calcium xo8 

carbonate 100, 114 

chloride 114 

chromate 114 

fluoride 59 

hydroxide 114 
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ion 109. Z14 

oxalate 59. 114 

phosphate 59 

sulphate 59, loa, 114, aai 

stUphite 1 14 
Sublimation 40. 204, 207 
Successive reactions, law of 19 at aos 
Sulpharsenate ion 50, 196 
Sulpharsenite ion 48, 196 
Sulphate ion 131 
Sulphates in group III S9t 60 
Sulphaurate ion a 50 

Sulphides, decomposition by nitric acid 
24, aa9 

insoluble in ammonium stilphide 24 

precipitated by hydrogen sulphide from 
acid solutions 23 

separation in group IV 84 

soluble in ammonium sulphide 24, 29, 
30 
Sulphite ion 131 

distinction from thiosulphates 145 
Sulphocarbonate 99 
Sulphocyanate ion 169. 17a. 179 

test for cobalt 96 

test for iron, delicacy of 65 
Sulphogermanic acid 254 
Sulphostannate ion 55 
Sulphostannite ion 55 
Sulphotungstate ion 268 
Sulphovanadate ion 270 
Sulphur dioxide 140, 141, 142 
Sulphtuic acid 8, iiSt 118, 131, 132, 311, 
ai3 
evaporation with 225 
Sulphurous acid 142, 143 
Supersaturation 117, 121, 122, 157 
Symbols for ions 1 1 



Tantalic pentoxide 364 
Tantalum 264 

phosphor salt bead 265 

potassium fluoride 265 

sulphate 265 
Tartaric acid 157 
Tartrate ion 157 
Tartrates, decomposition by heat 157, 

distinction from oxalates 159 
Tellurate ion 253 

distinction from selenate and 8ul> 
phate ions 2^3 
Telluric acid 253 

anhydride 253 
Tellurium 253 
Tellurium dioxide 253 
Tellurous acid 253 
Tetraborates 154 
Tetrathionate ion 144 
Thallic chloride 24 1 

hydroxide 241 
Thallium 240 

flame test 241 



Thallotis borate 240 

chloroplatinate 240 

chromate 240 

hydroxide 240 

iodide 340 

phosphate 340 

sulphide 340 
Thenard's blue 7a. xo8 
Thiosulphate ion 143 

distinction from sulphites 145 
reduction with 144 
Third group precipitate 59 
Thorium 258 

carbonate 258 

hydroxide 258 

oxalate 258 

potassium sulphate 258 
Tin 54. 68 

detection 31 

reduction 56 

dioxide 229 

ions 54 

sub-group, separation 30 

sulphides 30 
Titanic acid 233, 266 
Titanium 265 

phosphor salt bead 267 

dioxide 265 

fluoride 26s 
Tri-iodide ion 165 
Trituration 204 

Tschugaeff's reaction for nickel 87* 99 
Tungsten 267 

bead tests 269 

dioxide 268 

trioxide 268 

trisulphide 268 
Tungstic acids 267 
TumbuU's blue 1 74 

u. 

Uranates 25s 
Uranium 255 
Uranyl ammonium phosphate 2SS 

hydrogen phosphate 255 

ion 25s 

sulphide 255 

V. 

Valence 198 

of elements 200 

ions IT. 13, 198 

variability of 199 
Vanadate ions 269 
Vanadic acid 269 
Vanadium 269 

phosphor salt bead 270 

pentoxide 269 1 

w. 

Washing a precipitate 6 
Wash bottle 6 
Water, dissociation 57 

tests for drinking 126, 183. 185 
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Water-bath 19 
Water of crystallization 13. 
Watt's principle 204 
"White precipitate" 38 

Y. 

Yttrium 2 $9 
fluoride 259 
oxalate 259 

potassium sulphate 259 
tartrate 259 

z. 

Zinc, 93 

bead tests 93 
reduction 93 
ammonia ion 93 



Zincate ion 85, 93 
77. 89. ao4 Zinc carbonate (basic) 93 

cyanide 93 

ion 93 
ion 92 

hydroxide 85, 93 
sulphate 93 

preparation 94 
sulphide 82, 85, 9) 

in Rroup II 83 
Zirconium 257 

carbonate 257 
hydroxide 257 
oxalate 257 
ix>tassium fluoride 358 

sulphate 257 
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